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Stagnant science achievement by students, greater demands and stresses on
natural resources and environmental systems, and societal disengagement from nature
highlight the need for education programs to ameliorate subsequent consequences. One
attempt to address science performance and environmental apathy is Youth
Environmental Science (YES), an environmental education program initiated in 2011 in a
rural, minority-dominated, upper elementary school in Mississippi. The program
provides five consecutive days (30 hours) of experiential learning in natural sciences.
During 2011-2013, I studied cognitive and affective responses of fourth and fifth grade
students to YES participation using a pretest-posttest-delayed posttest design. The
influence of demographic factors (race/ethnicity, gender, and economic status) on student
responses was also examined.
Compared to pretest scores, posttest knowledge and attitude scores were higher
for YES participants, indicating the pedagogy was effective at promoting knowledge

gains and positive environmental attitudes. Higher values were associated with female,
non-Black, or higher income students; however, gains in both knowledge and attitude
were similar across all demographic groupings, suggesting students from diverse
backgrounds benefitted equally. Year-end proficiency exams indicated natural science
knowledge gained by fourth and fifth grade students during their participation in YES did
not decline with time, demonstrating retention and application of content knowledge.
Moreover, although Black and low income fifth grade students had lower proficiency
scores, these groups showed generally increasing trends in exam performance with
elapsed time. This pattern suggests experiential and intensive environmental education
interventions scheduled early in the academic year may be effective for sensitizing
students for classroom learning that follows later in the year. This may be particularly
impactful to those students who may experience fewer science enrichment and outdoor
opportunities and thereby provide a mechanism for reducing achievement gaps among
demographic groups.
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CHAPTER I
ENVIRONMENTAL CONSERVATION AND ENVIRONMENTAL EDUCATION

Dr. Michael Hutchins, former Executive Director and CEO of The Wildlife
Society, presented the Top Ten Trends Expected to Impact the Future of Natural
Resource Professions at the 2011 Southeastern Natural Resources Graduate Student
Symposium. Hutchins’ list included climate change, human population growth, energy
development, and invasive species as areas of immediate concern for natural resources
management. However, topping his list of concerns was nature deficit disorder, a term
coined by Richard Louv (2005) describing the physical and mental consequences of
society’s disengagement from the natural world.
Nature Deficit Disorder
Nature deficit disorder is apparent in numerous trends among people in the United
States. The number of sportspersons in the nation has been declining since the 1980’s
because of diminishing recruitment and retention rates (Enck, Decker, & Brown, 2000;
Leonard, 2007; United States Fish and Wildlife Service, 2006). Declining participation
rates in backpacking, camping, canoeing, kayaking, climbing, and mountain biking have
been documented (The Outdoor Foundation, 2009). Pergams & Zaradic (2008) noted per
capita declines of 1.0% - 3.1% per year since 1987 in four classes of nature participation
variables: visits to public lands, number of game licenses purchased, indicators of time
1

spent camping, and indicators of time spent hiking and backpacking. The rise of
childhood health risks such as diabetes, obesity and attention-deficit disorders has been
linked to cultural shifts from natural play and foods to electronic entertainment and
convenience meals (Gortmaker et al., 1996; Wyatt, Winters, & Dubbert, 2006).
This apparent shift by people away from the outdoor world has serious
implications for the future of natural resource conservation agencies and organizations.
Financial support will become more limited as income from license sales and excise taxes
drops and memberships decline. Agencies tasked with management of state and federal
natural resources may find it more difficult to garner public support for conservation
initiatives such as predator reintroduction, nuisance wildlife management, exotic species
control, or habitat manipulation on public lands.
There are also consequences for the general public, as environmental health and
conservation of natural resources directly impact the health and well-being of society.
Not only are public food and water supplies at risk from environmental degradation, but
national economies and political stability are also threatened by ecological disasters or
resource limitations (e.g., the Deepwater Horizon oil spill and Persian Gulf War).
Without sufficient public appreciation for, or understanding of, natural resources, it is
difficult to communicate these issues to citizens and unrealistic to expect democratic
discourse on possible solutions to regional and global environmental problems.
Although the ‘green’ movement communicated through the media has attempted
to address environmental concerns, people are often educationally unprepared to
understand today’s complex environmental issues. Beginning in the 1970’s, U.S. student
performance on national science achievement tests began to decline, causing them to fall
2

behind their international counterparts (Gonzales, et. al., 2004; National Center for
Education Statistics [NCES], 2011; United States Department of Education, 2001). In
Mississippi, science achievement by young people is among the worst in the nation.
Only 17% of Mississippi fourth grade students scored at or above the 2009 NAEP
(National Assessment of Education Progress) proficiency level in science (NCES, 2011).
Average NAEP science score for Mississippi eighth grade students were lower than that
of their peers in 48 other states (NCES, 2011). Only 13% of Mississippi students who
took the ACT in 2011 were considered ready for college biology, compared to the
national average of 30% (ACT, Inc., 2012).
Science Achievement
In addition to state-level variability, other disparities in science achievement exist.
A gender gap in science performance has been well-documented, and the majority of the
research demonstrated lower science success among female students (e.g., Gonzales et
al., 2004; Lee & Burkam, 1996; Weinburgh, 1995). Similarly, recent ACT performance
showed only 11% of Mississippi female high school students (vs. 17% in males) met the
readiness benchmark for college biology (ACT, Inc., 2012). However, no statistical
difference in performance was found between male and female Mississippi fourth graders
on NAEP science assessments (NCES, 2011). Additionally, the state’s 2011 standardized
subject-area tests showed female students in the fifth, eighth, and high-school grades
achieved higher science scores than males (Mississippi Department of Education, 2013).
Racial/ethnic differences in student science performance are also an issue in the
United States. Black fourth and eighth grade students scored on average 35 points lower
than White students on the 2009 NAEP science tests (NCES, 2011). Only 32% of Black
3

students scored at/above the basic level whereas 78% of White students achieved or
surpassed the basic level (NCES, 2011). The inequality was even more pronounced in
Mississippi, where a gap of 37 points on the eighth grade NAEP science test separated
White and Black students. ACT scores also reflected racial variation in science
achievement; mean scores from 2007-2011 were 16.4 for Black students, 20.5 for White
students and 22.5 for Asian students in Mississippi (ACT, Inc., 2012).
A correlation between economic status and science achievement also exists.
More than two-thirds of all Mississippi students surveyed in the 2009 NAEP were
eligible for the National School Lunch Program (NSLP), a federal program which
provides free or reduced school lunches to children from low-income homes. Students
enrolled in the NSLP had an average NAEP science score that was 27 points lower than
those who were ineligible (i.e., higher-income status). When one considers the fact that
22% of Mississippians lived below the poverty line (vs. 15% nationally) in 2006-2010
(United States Census Bureau, 2010), it is evident poverty may be a major factor
impacting science education in the state.
As racial and economic subgroups comprise increasingly greater percentages of
the United States population (Hobbs & Stoops, 2002), the disparity in science
achievement may have a negative impact on the nation’s ability to compete effectively in
a technology-based, global economy. Today’s students need to be educationally prepared
to confront science-based, socially-relevant environmental issues, either through citizen
action or career choice. However, declines in science achievement and disinterest in
ecological issues will need to be addressed before these goals can be realized.

4

Youth Environmental Science
The Youth Environmental Science (YES) program was developed to address the
need to connect children with nature (Louv, 2005) and improve science literacy,
especially among demographic subgroups that lag behind their peers. In keeping with
experiential learning theory, the YES pedagogy stresses hands-on learning, often through
problem-solving and experimental activities, allowing students to develop within their
individual abilities an understanding and appreciation of content related to environmental
and natural sciences. Constructivism and experiential learning theory propose an active,
hands-on approach to be more efficacious for promoting knowledge gains (Kolb & Fry,
1975; Jacobson, McDuff, & Monroe, 2006). The premise is students “learn by doing”
rather than through rote memorization, gaining knowledge through experience,
exploration, and problem-solving and building on prior knowledge (National Research
Council, 2000).
The natural science content central to YES is delivered using evaluated curricula
that meet standards established by North American Association for Environmental
Education (North American Association for Environmental Education [NAAEE], 2004).
It is a template that could be incorporated in schools across the nation, particularly those
which serve students with access and/or financial barriers to science enrichment
opportunities. Program goals are: (a) provide measurable academic achievement in
science; (b) strengthen understanding of scientific methods, instruments, and
technologies; (c) foster interest and enthusiasm about science-based learning; and (d)
promote environmentally literate youth.

5

Research Objectives
Because evaluation of environmental education (EE) programs is often
overlooked (Fien, Scott, & Tilbury, 2001), my purpose was to evaluate the efficacy of
YES to provide education in natural science, enhance science achievement, and improve
attitudes about the environment among participating elementary students. The objectives
were:
1. Determine effects of an experiential, in-school environmental science program
on students’ knowledge about natural science as mediated by race, gender, and economic
status.
2. Measure the duration of effects of an experiential, in-school environmental
science program on science knowledge in relation to race, gender, and economic status
and extracurricular science activity.
3. Evaluate effects of an experiential, in-school environmental science program
on students’ attitudes toward the environment and science as moderated by race, gender
and economic status.
Study Population
Participants in this study were fourth and fifth grade students from a public school
district in a rural Mississippi town of 24,000 residents. The city population is
approximately two-thirds White, one-third Black, and small percentages of Asian, Middle
Eastern, Hispanic, Native American, and other races/ethnicities (United States Census
Bureau, 2010) (Appendix A). Thirty-five percent lived below the poverty line (compared
to 22% statewide) in 2006-2010 (United States Department of Agriculture Economic
Research Service, 2010). Because of its proximity to a university, a higher-than-state6

average (46% vs. 20%) of the town population older than 25-years held a college degree,
and more than half of these held graduate or professional degrees. Approximately 15%
of the city’s residents had only a high school diploma and another 15% did not complete
their secondary education (U.S. Census Bureau, 2010).
The town has one public elementary school that serves students in third through
fifth grades; this was the site for YES and this research. Because of the impact of two
local private elementary schools, racial/ethnic composition of the study population is not
proportional to that of the town (Appendix A). Classroom populations are predominately
Black, with smaller numbers of White, Asian, Hispanic, and other races/ethnicities.
Nearly equal numbers of males and females are present. Sixty-eight percent of the
students are eligible for the NSLP (NCES, 2013a; NCES 2013b).
Academic achievement by students in the study school district indicates a need for
improvement. On the science subject area test taken by fifth grade students, 66% scored
below proficiency levels (Mississippi Department of Education, 2013). Within
subgroups of fifth graders, proficiency or advanced science rankings were achieved by
66% of White, 58% of Asian, and 20% of Black students (data from other racial/ethnic
groups were not reported). Female fifth grade students performed at a higher level (38%
at proficiency or above) than did male students (29%). Only 14% of economically
disadvantaged students achieved proficiency or above in science (Mississippi Department
of Education, 2013).
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CHAPTER II
EFFECTS OF AN ENVIRONMENTAL SCIENCE IMMERSION PROGRAM ON
ELEMENTARY SCHOOL STUDENTS’ KNOWLEDGE

Abstract
Environmental education (EE) in elementary schools is often limited to isolated
enrichment activities inserted at opportune times throughout the school year. I evaluated
a novel, natural science immersion program with an intensive, integrated, experiential
curriculum. Fourth and fifth grade students (n = 570 and n = 608, respectively)
participated in a 5-day/30-hour program--Youth Environmental Science (YES)--during
the 2011-2012 and 2012-2013 academic years. A pretest-posttest design was used to
assess the immediate efficacy of YES for increasing students’ knowledge of program
content. Mean posttest scores for all students (n = 702, M = 70.72, SE = 1.28) were
higher than mean pretest scores (M = 53.76, SE = 1.19, p < .001), suggesting the program
was effective at improving content area knowledge. Female students had higher
pretest/posttest scores than males (p = .043), White and other racial/ethnic students had
higher scores than Black students (p < .001), and those from a higher economic status had
greater scores than those from economically disadvantaged homes (p < .001).
Comparisons among race/ethnicity, gender, and economic subpopulations showed similar
gains of 15 to 17 percentage points on posttest scores, suggesting this pedagogical
approach was effective at educating students from diverse demographic groups.
1

Key words: Environmental education, experiential learning, science knowledge,
elementary students, achievement gap
Introduction
Resource agencies, private organizations, educators, and others vested in
addressing environmentally-related societal concerns and conserving natural places and
resources have been attempting to reach and teach the next generation of citizens and
leaders since before the pivotal 1977 Tbilisi meeting of the United Nations Educational,
Scientific and Cultural Organizations Intergovernmental Conference on Environmental
Education (United Nations Educational, Scientific, and Cultural Organization--United
Nations Environmental Programme [UNESCO--UNEP], 1978)). Various approaches
have been employed, ranging from classroom enhancement lessons (e.g., Project WILD
and Project Learning Tree) to summer camps and outdoor field experiences to
environmental schools (e.g., Hawley Environmental Elementary School, Milwaukee,
Wisconsin [National Environmental Education and Training Foundation, 2000]). The
research described in this document was conducted to determine the educational efficacy
of another approach--science immersion within a traditional elementary school setting.
Youth Environmental Science (YES) is an educational program that engages
elementary students in experiential natural science instruction using evaluated curricula
that meet standards established by North American Association for Environmental
Education (North American Association for Environmental Education [NAAEE], 2004).
Program goals of YES are: (a) provide measurable academic achievement in science; (b)
strengthen understanding of scientific methods, instruments, and technologies; (c) foster
interest and enthusiasm about science-based learning; and (d) promote environmentally
2

literate youth. The YES program addresses the need to connect children with nature
(Louv, 2005) and improve science literacy, especially among demographic subgroups
that lag behind their peers (National Science Foundation, 1996). It is a template that
could be incorporated in schools across the nation, particularly those which serve
students with access and/or financial barriers to science enrichment opportunities.
However, because evaluation of EE programs is often overlooked (Fien, Scott, & Tilbury,
2001; Lucko, Disinger, & Roth, 1982), my purpose in this research was to evaluate the
efficacy of YES to provide measurable academic achievement in environmental and life
sciences in student participants.
Research on the effectiveness of in-school EE programs in improving knowledge
of elementary students is limited. Lieberman and Hoody (1988) surveyed EE programs
in 40 U.S. schools, 15 of which were in elementary schools. Leeming et al. (1993)
conducted a review of literature on effectiveness of classroom-based interventions and
found only five evaluated programs in elementary school settings (Armstrong & Impara,
1991; Asch & Shore, 1975; Fennessey, Livingston, Edwards, Kidder, & Nafziger, 1974;
Jaus, 1982; Jaus, 1984). Results of these and more recent assessments (e.g., National
Environmental Education & Training Foundation, 2000) indicate elementary students
participating in environment-based educational programs achieved greater program
content-area knowledge and higher scores on multi-disciplinary subject area tests than
their peers learning in more traditional, didactic settings.
Many of the interventions evaluated in the literature are relatively short in
duration, such as class field trips (Bogner, 1998; Farmer & Wott, 1995; Farmer, Knapp,
& Benton, 2007; Knapp & Poff, 2001) and classroom-based, science-enrichment units
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(Adams, Charles, Greene, & Swan, 1985; Higginbotham, 1997; Morgan & Gramann,
1989; Powell 1996; Randler & Bogner, 2002). Despite their short duration, positive
effects on students’ environmental knowledge were attributed to the programs.
Evaluated EE programs that spanned multiple days were usually affiliated with
camp programs (Bogner, 1998; Burrus-Bammel & Bammel, 1986; Knox, Moynihan, &
Markowitz, 2003; Larson, Castelberry, & Green, 2010). However, economic and cultural
barriers may restrict access to these types of outdoor learning opportunities to those with
the means and motivation to attend. Further research is needed to determine whether a
longer duration, school-based, EE program can produce enhanced science achievement
for all students, particularly in those schools facing challenges of achievement gaps
associated with gender, race/ethnicity, and economic status.
Conceptual Framework
Science instruction in schools is often passive, conducted via teacher lectures,
textbook readings, and worksheet practice. However, constructivism and experiential
learning theory propose an active, hands-on approach to be more efficacious for
promoting knowledge gains (Kolb & Fry, 1975; Jacobson, McDuff, & Monroe, 2006).
The premise is students “learn by doing” rather than through rote memorization, gaining
knowledge through experience, exploration, and problem-solving and building on prior
knowledge (National Research Council, 2000). In keeping with experiential learning
theory, the YES pedagogy stresses hands-on learning, often through problem-solving and
experimental activities, allowing students to develop within their individual abilities an
understanding and appreciation of content related to environmental and natural sciences.
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Science achievement disparities among student demographic groups are wellrecognized phenomena. Females often exhibit lower success on science assessments than
their male counterparts (e.g., Gonzales et al., 2004; Lee & Burkam, 1996; Weinburgh,
1995). White and Asian students generally perform substantially better than Hispanic
and Black students (ACT, Inc., 2012; Lee, 2002; National Center for Educational
Statistics [NCES], 2012), and students from low-income homes score considerably lower
on science assessments than peers from higher-income homes (NCES, 2012; Sirin, 2005).
The objective of this study was to test experiential learning theory by assessing the
efficacy of an experiential, in-school, environmental science program on students’
knowledge about natural science as mediated by race/ethnicity, gender, and economic
status. The research focused on two questions:
1. Does Youth Environmental Science result in gains in environmental science
knowledge in elementary school participants?
2. Does YES close achievement gaps in a diverse student population?
Method
Participants
The participants of this study were fourth and fifth grade students from a public
school district in a small town in rural Mississippi. At the time of my study, classroom
populations were predominately Black (64%), with smaller numbers of White (31%),
Asian (2%), Hispanic (1%), and other races/ethnicities (2%). Nearly equal numbers of
males (51%) and females (49%) were present. Sixty-eight percent of the students were
eligible for the National School Lunch Program (NSLP) (NCES, 2013a; NCES, 2013b).
Students from low-income home situations are eligible for free or reduced-price school
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lunch whereas those from higher-income families are not, therefore, student eligibility for
the NSLP was used an indicator of economic status in this study.
On the science subject area test taken by the school’s fifth grade students,
proficiency or advanced rankings were achieved by 66% of White, 58% of Asian, and
20% of Black students (data from other racial/ethnic groups were not reported). Thirtyeight percent of female fifth grade students performed at proficiency or above; 29% of
male students achieved this same status. Only 14% of economically disadvantaged
students achieved proficiency or above in science (Mississippi Department of Education,
2013).
Student participation in YES was based upon teacher interest and initiative. With
the support of school administration, I invited fourth and fifth grade teachers to an
informational meeting where an overview of YES and its goals, intended outcomes, and
operational procedures were described. Teachers were invited to enroll their entire class
in YES for a one-week time slot during the academic year. During 2011-2012, 11 (n =
224 students) of the 15 fourth grade classes in the school and 14 (n = 295 students) of the
15 fifth grade classes participated in the program. Scheduling conflicts present in 20112012 were eliminated in 2012-2013, consequently all fourth grade (n = 16 classes, 346
students) and fifth grade (n = 15 classes, 313 students) classes were able to enroll in the
second year of the project. Participation by students with behavioral, disciplinary, or
learning issues was left to the discretion of the teacher with input from YES instructors;
therefore, there were members of the school population who did not attend YES with
their classmates.

6

Intervention Program
Youth Environmental Science operates on an elementary school campus during
the academic day and year. In this way, common barriers to science enrichment
opportunities (i.e., access, travel, and cost) are removed, thereby ensuring access for rural
and low-income populations. Four vacated classrooms were converted to thematic
science learning labs using furniture, equipment and teaching supplies from within the
school district and from donations. These learning labs--life sciences, earth sciences,
computer/office, and science library--served as the center of instruction for YES classes.
Additionally, outdoor spaces including an open field, small woodlot, flower garden, and
picnic area were used for field exercises and outdoor experiences.
The YES curricula are comprised of experiential, environmental science-based
lessons and activities that meet standards established by the North American Association
for Environmental Education (2004) including programs such as Project WILD (Council
for Environmental Education, 2007), Project Learning Tree (American Forest
Foundation, 2008), and Project WET (Project WET Foundation, 2011)). All lessons are
linked to the most recent version (2010) of the Mississippi Science Framework to ensure
relevancy to state standards and to address grade-level competencies and learning
objectives. Curricula for fourth and fifth grade classes are unique, and lessons are linked
by daily themes (Table 2.1). A sample of the fourth grade curriculum is presented in
Table 2.2. To minimize instructor effects on students’ responses, two experienced
environmental educators taught the same set of lessons to every class during the two
years of the study.
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During their week of YES, students arrived to school as usual, attended
homeroom sessions for routine morning activities, and were then escorted from their
classroom to the YES labs on another part of the school campus. Students participated in
YES curriculum activities for six hours on each of five consecutive days (maximum of 30
hours exposure to curriculum content). Teachers accompanied their students on the YES
field trip and were invited to attend as assistants or observers throughout their enrollment
week.
Instrument Development and Administration
I developed a multiple-choice test instrument for each grade in the study
population to measure any resulting changes in knowledge of subject matter covered in
the YES curriculum. The assessments contained 17 questions in 2011-2012; this number
was increased to 20 in 2012-2013 (Appendix B and C). I selected questions that
addressed YES content from grade-appropriate, practice science tests available online
through various state (Tennessee, Ohio, California, and Mississippi) departments of
education. Because of their source, questions were considered reliable, and no further
evaluation of the instrument was conducted prior to implementation. The test
instruments and corresponding research permission forms (parental consent and teacher
consent [Appendix D and E]) were reviewed and approved by the Mississippi State
University Institutional Review Board (Protocol #11-234). I assigned unique
identification codes to each student to protect their identity and provide anonymity.
During the 2011-2012 and 2012-2013 academic years, students voluntarily
completed the test at the beginning of their week in the YES program and again at the
end of the week’s instruction. Parental consent was obtained prior to the study. Teachers
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administered the tests in the students’ home classroom to maintain continuity in
administration procedures across all classes and students’ familiarity with the testing
environment. To measure effects of mediating factors on pretest/ posttest scores,
students’ gender, race/ethnicity (White, Black, Asian, Hispanic, or Additional groups),
and NSLP enrollment (eligible or ineligible) were obtained from students, YES
enrollment records, and school administration.
Data analysis
Students who had fewer than 24 of the 30 possible hours of YES participation
(caused by school absence, in-school suspension, or remedial interventions), incomplete
tests (defined by failure to complete one or more entire test pages), or missing pretests or
posttests were excluded from analysis. Additionally, many fifth grade students in 20122013 had attended YES as fourth graders in 2011-2012. I excluded prior YES
participants from this analysis since their fourth grade experience may have influenced
their fifth grade test scores (Kruse & Card, 2004). Individual responses to the test
questions were double-entered by identification code into a Microsoft© Access®
database and checked for entry errors. These data were then imported into a Microsoft©
Excel® database and graded using a series of if-then statements to reduce grading errors.
Percent correct was calculated for each pretest and posttest for each code. Demographic
(gender, race/ethnicity, economic status) and academic (grade, school year, class) data
were coded and assigned to each respective student code.
Ethnicity/race data were collected based on the five categories generally used in
educational reports (White, Black, Asian, Hispanic, and Other or Additional groups) and
were used in generating descriptive statistics; however, since sample sizes were small for
9

the latter three groupings, these categories were combined and three levels of
race/ethnicity (White, Black, and Other) were used for the analysis of YES effects.
I tested the null hypothesis that students’ pretest and posttest scores would not
differ using a generalized linear mixed model. Pretest and posttest scores (i.e., time)
served as a repeated measure response variable. The main effect of time tested for
changes in test score (learning gains) over the five-day instructional period. Main effects
of academic year, grade, race/ethnicity, gender, and economic status (using NSLP
eligibility as an index) and their interactions with time were included as fixed factors in
the analysis to test hypotheses about these sources of potential variation in academic
performance (main effects) and moderating effects on learning gains (interactions with
time). Two-way interactions among race/ethnicity, economic status, and gender were
also included in the model. Classroom was included as a random effect because students
within a class were not independent (Leeming, Dwyer, Porter, & Cobern, 1993); each
class consisted of a group of students under the instruction of a unique teacher prior to
entering the program. Additionally, although all YES lessons were taught by the same
two people to minimize instructor effects, delivery may have varied slightly among
classes.
The generalized linear mixed models used a normal distribution with an identity
link, Type III sums of squares, restricted maximum likelihood estimation, and compound
symmetry covariance structure (as indicated by the smallest AIC (Akaike’s Information
Criterion) value returned after analysis of models using different candidate covariance
structures [e.g., Gutzwiller & Riffell, 2007]). An alpha level of .05 was chosen a priori.
Residuals were normal, and variances were homogeneous. All statistical analyses were
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conducted using IBM© Statistical Package for the Social Sciences (SPSS)® Statistics
Version 21 (IBM Corp, 2012).
Study Results
I analyzed pretest and posttest scores from 702 students: 141 from fourth grade
and 183 from fifth grade in 2011-2012; 274 from fourth grade and 104 from fifth grade in
2012-2013. Although male students slightly outnumbered females in the student body
(51% males), female students were more prevalent in the analyzed data set (52%)
because a higher percentage of incomplete tests or missing pretest/posttests were
associated with male students. For similar reasons, survey data contained a smaller
representation from Black students (61%) than what was present in the school population
(64%). Mean pretest and posttest scores are presented in Table 2.3.
The generalized linear mixed model analysis indicated the main effects of time
(pre-YES vs. post-YES), academic year, race/ethnicity, gender, and economic status were
significant factors (Table 2.4). Least square means estimated from the model are
reported. Posttest scores (M = 70.72, SE = 1.28) for all YES participants were
significantly higher than pretest scores (M = 53.76, SE = 1.19), suggesting content area
knowledge was gained by students during their 5 days in the program (Figure 2.1). Mean
test scores were higher in 2012-2013 (M = 65.13, SE = 1.28) than in 2011-2012 (M =
59.36, SE = 1.47). No observed difference in test scores between grades implies lessons
and instructional methods employed in the curriculum were grade-appropriate. No time
interactions were significant, indicating test score gains were not mediated by covariates.
Students from higher income situations had higher test scores (M = 66.93, SE =
1.27) than those from low income homes (M = 57.55, SE = 1.27); however, gains were
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comparable between income levels (15.76 and 15.18 percentage points, respectively)
(Figure 2.1). Although economic status and race/ethnicity were significant main effects
in the model, their interaction was not (p = .291), indicating there is an effect of
economic status that transcends racial/ethnic boundaries.
The interaction of race and gender was significant (Figure 2.2), indicating genderbased performance was not uniform across racial/ethnic groups). Post-hoc, multiple
comparison tests showed scores from White and Other male participants were similar (p
= .687), whereas those of Black male students were lower by 20 and 21 percentage
points, respectively (p < .001). A similar pattern was observed in female participants.
Black female students scored an average of 8 to 14 percentage points lower than nonBlack females (p < .0001); in comparison, female White and Other participants
performed similarly (p = .194). Within ethnicity/race comparisons of male and female
achievement showed gender differences in Black students (F = 18.31, p < .001). Scores
from Black male students were an average of 7 percentage points lower (M = 50.18, SE =
1.32) than those from Black female students (M = 57.17, SE = 1.29). In contrast, no
significant gender differences in test performance were detected in White and Other
students. No significant interactions between time and demographic factor (gender,
economic status, or race/ethnicity) were detected, indicating effect sizes among levels
were similar, i.e., no demographic group appeared to benefit from YES more than others.
Discussion
Results from this study support my first hypothesis that students’ posttest scores
would improve from pretest levels in response to participation in Youth Environmental
Science. Thus, the YES experiential learning pedagogy was effective for increasing
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program content knowledge in participants. Changes in self-reported, student- perceived,
knowledge levels are often used in the literature to document EE program impacts (e.g.,
Bexell, 2006; Handler & Duncan, 2006; Kruse & Card, 2004; Markowitz, 2004),
precluding comparisons of effect size to my outcomes. Nevertheless, when measured
rates of change were reported, those resulting from YES were comparable to other,
longer-term, in-school interventions with similar assessment protocols. Culen & Volk
(2000) documented significant increases of 8-15 percentage points on posttests following
extended (4-6 weeks and 10-14 weeks, respectively) exposure to a wetlands experiential
education program during regular seventh and eighth grade science class sessions.
Powell & Wells (2002) noted significant improvements of 18-24 percentage points on
fifth grade posttests after 14 days of classroom-based experiential instruction on an
ecological topic.
Short-term EE interventions often increase knowledge, as noted previously in this
paper. The experiential pedagogical approach used in these programs appears to be
contributing to their effectiveness over traditional methods (Ernst & Stanek, 2006;
Randler & Bogner, 2002; Randler, Ilg, & Kern, 2005). However, subject competency
requires development of depth of knowledge within a contextual framework (National
Research Council, 2000), outcomes that would be difficult to obtain with the restricted
exposure time associated with short-duration interventions.
Non-formal educational settings such as summer camps have the time and
curriculum flexibility to offer in-depth coverage of environmental and ecological topics,
and they may also result in cognitive development of participants (American Institutes for
Research, 2005; Burrus-Bammel & Bammel, 1986; Larson, Castleberry and Green,
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2010). However, assessments of their effectiveness for increasing environmental
knowledge may be biased toward positive outcomes since participants are generally selfselected with existing interest in outdoor topics (Bogner, 1998; Lisowski & Disinger,
1991); therefore, they may not be representative of the larger youth population. Benefits
of camp learning may be limited if transference of the acquired knowledge to classroom
situations is impeded because camp content is not correlated to state standards (Randler,
Ilg, & Kern, 2005). Additionally, economic and cultural barriers may restrict access to
non-formal learning opportunities to those with the means and motivation to attend,
thereby exacerbating achievement gaps (Oakes, Ormseth, Bell, & Camp, 1990).
Pretest scores indicated students entered YES with differing levels of knowledge,
mediated by their race/ethnicity, economic status, and gender. Female students had
higher pretest/posttest scores than males, non-Black students had higher scores than
Black students, and those from a higher economic status had greater scores than those
from economically disadvantaged homes. These inequalities were comparable to those
on the Mississippi National Assessment of Educational Progress (NAEP) science test. A
gap of 36 points separated White and Black students’ mean scores (in comparison to the
national 30-point discrepancy) (NCES, 2011). Students eligible for the National School
Lunch Program had an average NAEP science score that was 27 points lower than those
who were ineligible (i.e., higher-income status). However, no difference in NAEP
performance between male and female elementary students was observed (NCES, 2011).
Few studies have examined the impact of demographic factors on learning
through EE. Impacts of economic status appear to be least researched, perhaps because
its correlation with race and ethnicity (e.g., Hobbs & Stoops, 2002) leads this factor to be
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subsumed into race/ethnicity effects. One study reported an increase in standardized test
scores in an urban “disadvantaged” North Carolina elementary school after integrating
outdoor nature activities into all curriculum areas (National Environmental Education and
Training Foundation, 2000). Five Louisiana K-8 schools with student populations
demographically similar to the focal school experienced improvements in their state test
scores concurrent with implementation of an environment-based math and science
program (Emekauwa, 2004). Fisman (2005) showed a significant positive relationship
between neighborhood income level and environmental knowledge. My study indicated
the effects of income level were substantial and transcended racial/ethnic boundaries and,
therefore, should be examined further and separately. When one considers the fact that
22% of Mississippians lived below the poverty line (vs. 15% nationally) in 2006-2010
(U.S. Census Bureau, 2010), it is evident economic status may be a major factor
impacting science education in the state; EE programs like YES may provide substantive
remediation.
I observed significant interactions among gender and racial/ethnic groupings in
the YES evaluation, indicating performance was not uniform. Gender differences in
science achievement are a well-documented pattern, so it follows that gender and EE
relationships have been investigated, yielding mixed results (Burrus-Bammel & Bammel,
1986; Carrier, 2009; Klemmer, Waliczek, & Zajicek, 2005; Randler & Bogner, 2002;
Randler, Ilg, & Kern, 2005). However, as in the case of economic status, the impact of
EE on youth from diverse racial/ethnic backgrounds has received little attention. Larson,
Castleberry, & Green (2010) reported significantly lower baseline environmental
knowledge scores among Black children than White children but did not specifically test
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the effect of race on EE outcomes. Similarly, differences in knowledge among
demographic groups were detected in the YES evaluation. I observed comparable
performance on YES pretests and posttests by White and Other (non-White or unknown)
female and male students; scores from Black female students were lower, and those from
Black males were the lowest. Behavioral problems during YES caused black males to be
disproportionally removed from the program, resulting in missing posttests and likely
positively biased estimates of performance. Also, data for non-White and non-Black
students were combined because of small sample sizes for Asian, Hispanic, Middle
Eastern, mixed race, and other demographic groups, thus potentially masking further
differences in YES performance, such as high performance by Asian students and lower
achievement by Hispanic students (Mississippi Department of Education, 2013).
Perhaps most importantly, I observed similar rates of improvement in posttest
scores in all demographic groups. This result implies the content and rigor, instructional
methods, and assessment instruments were appropriate for all cultural and economic
backgrounds represented at the study school and, thereby, created equal learning
opportunities for all demographic groups (Haycock, 2001; Lee, 2002). Educational
researchers suggest challenging curricula taught in a safe and positive classroom
environment by teachers possessing a strong content foundation can close achievement
gaps (Becker & Luthar, 2002; Haycock, 2001; Kober, 2001). These elements were
provided in YES, and students appeared to have responded correspondingly. These
outcomes support the YES pedagogy as a mechanism for closing achievement gaps, thus
addressing my second research question. Further research is needed to identify the length
of time YES content knowledge is retained (e.g., Kuhar, Bettinger, Lehnhardt, Tracy, &
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Cox, 2010; Lisowski & Disinger, 1991; Randler & Bogner, 2002), particularly as
mediated by race/ethnicity and economic status.
During the second year of my program evaluation, I did observe higher average
pretest and posttest scores than during first year. Although YES instructors were the
same throughout the assessment period, this pattern could be the result of improvements
over time in content delivery, program implementation, and/or classroom management.
However, it is also likely that the higher scores resulted from a broader, general
improvement in student achievement rather than anything inherently associated with
YES. This is supported by concurrent increases in the district’s scores on the fifth grade
state standardized science assessment (56% of students were ranked proficient or
advanced in 2013 vs 34% in 2012 [Kieffer, 2013]).
Limitations
Conclusions of this study can only be applied to those students who attended
YES. Students with behavior or learning issues that resulted in low enrollment hours or
missing tests (often because the students were removed from YES) were not included in
the evaluation. My study population may be biased toward students who were capable of
handling the new learning environment typified by hands-on and active lessons, often in
teams or outdoors, and generally without homeroom teacher supervision.
Secondly, I assumed changes in test scores could be ascribed to the treatment. In
an evaluation of an EE program of similar length intervention and age group (4-day/3
night program for sixth grade students), Smith-Sebasto and Semrau (2004) determined
that students who took a pretest were not sensitized to the instrument. However, since
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this was not tested in my study, I acknowledge the pretest could have influenced how
students responded on the posttest.
Conclusions
Environmental education that provides objective and science-based knowledge,
increases awareness of local and national environmental issues, and provides criticalthinking skills to promote environmental stewardship behaviors is needed in Mississippi
and elsewhere, particularly among the underrepresented groups who are often unreached
and most often negatively impacted. Yet it remains an uncommon occurrence in formal
educational settings, often inserted during brief windows of opportunity rather than
deliberately and intentionally incorporated. The approach used in YES provides students
with greater exposure to environmental science content and methods than generally found
in classroom enhancement lessons without incurring the access barriers associated with
camps and other extramural field experiences nor the financial and facility requirements
of environmental schools. The educational experience in YES resulted in positive
knowledge gains of 15-17 percentage points, or the equivalent of 1.5 letter grades, across
gender, racial/ethnic, and economic groups, suggesting this pedagogy may be effective at
closing achievement gaps. Wider adoption of environment-based, experiential learning
curricula taught by well-prepared educators may provide students--regardless of
race/ethnicities, economic levels, or gender--with the opportunity to succeed
academically and become more aware of and prepared to address current environmental
issues.
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Table 2.1

Daily themes for the Youth Environmental Science program during the
2011/2011 - 2012-2013 evaluation period.
Mon

4th grade Field trip to
classes wildlife refuge:
terrestrial
ecology

Tues

Wed

Ornithology Forest
Ecology

Thurs

Geology & Humans & the
Soils
environment: recycling,
pollution, renewable
resources

5th grade Field trip to
Mammalogy Forest
Weather &
classes environmental
Products Climate
education center:
aquatic ecology
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Fri

Humans & the
environment:
endangered species,
climate change

Table 2.2

A sample of the daily schedule of lessons for fourth grade students in the
Youth Environmental Science curriculum.

Time PeriodLesson
Name

Lesson
Source

Grade
Level

Major
Concepts

Objectives

Science.
Visual Arts.
Language
Arts.

Organisms
change over
lifetime.
Ecosystem roles
change over time

Age a tree sample.
Identify heartwood and
sapwood.
Infer damage/stress.
Make personal timeline
corresponding with tree rings
Simulate tree competition for
essential needs.
Describe how varying light,
water, and nutrition effect tree
growth.

Organisms are
interdependent.
Organisms
depend upon
abiotic factors.
Altering
environments
affects biota
Organisms are
Describe and collect data about
interdependent. a tree.
Ecosystem roles Identify a tree based on
change over time. physical characteristics.

Morning
Lesson 1

Tree
Cookies

Morning
Lesson 2

Every Tree PLT
for Itself

K-8

Science.
Math.
Physical
Education

Morning
Lesson 3

Adopt a
Tree

PLT

3-8

Afternoon Web of Life PLT
Lesson 1

4-8

Discovery
Afternoon Forest
Food
Webs
Education
Lesson 2

5-8

Science.
Math.
Language
Arts.
Visual Arts.
Social Studies
Science.
Organisms are
Visual Arts interdependent.
Sun is source of
energy for
systems.
Energy moves
through systems.
Science.
Sun is source of
Language
energy for
Arts.
ecosystems.
Biota have
different roles in
ecosystems.
Science.
Organisms are
Social Studies. interdependent.
Physical
Organisms
Education.
depend upon
abiotic factors

Afternoon Forest
Lesson 3 Hike

Project
3-8
Learning Tree
(PLT)

Subject
Areas
Covered

none required all

Display information on select
species interdependence.
Create physical demonstration
of interconnections.

Describe characteristics of
producers and consumers.
Form food chains and describe
species roles.

Describe tree characteristics.
Search for evidence of
interdependence.
Discuss human impacts

Note. PLT Subject Areas, Major Concepts, and Objects were obtained from the Project

Learning Tree PreK-8 Activity Guide, (American Forest Foundation, 2008).
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Table 2.3

Descriptive statistics from pretest-posttest analysis of YES participant
knowledge.
Pretest
Number of
Students

M

Posttest
SE

M

SE

All students

702

55.67

1.63

72.18

1.79

2011-2012
2012-2013

324
378

53.08
58.17

1.97
1.82

68.82
75.65

2.14
1.99

Male
Female

337
365

53.16
58.18

2.09
1.93

70.18
74.17

2.24
2.09

4th
5th

415
287

56.27
54.97

1.85
1.94

72.00
72.47

2.01
2.12

Black
White
Other
Hispanic
Asian
Additional

429
226
47
13
16
18

42.94
57.84
61.34
52.64
63.60
60.70

.74
1.10
2.29
4.57
4.03
3.80

58.43
75.68
78.99
67.82
77.04
79.81

.92
1.09
2.07
5.13
4.50
4.25

NSLP eligible 1
NSLP ineligible

465
217

51.80
59.53

2.11
1.96

67.09
77.26

2.26
2.13

1 National School Lunch Program (NSLP) eligibility status was unknown for 40 students.
Note. M is least squares mean
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Table 2.4

Main fixed effects used in the generalized linear mixed model to analyze
YES pretest and posttest scores.

Source

F

dfnum, dem

p-value

Model

52.09

15, 1348

.000

Time (pre-post)

168.23

1, 1348

.000

Year

10.38

1, 1348

.001

Grade

0.10

1, 1348

.752

Race/Ethnicity

53.55

2, 1348

.000

Economic Status1

43.42

1, 1348

.000

Gender

10.10

1, 1348

.002

Race/Ethnicity*Economic Status

0.20

2, 1348

.820

Race/Ethnicity* Gender

6.27

2, 1348

.002

Time*Race/Ethnicity

0.20

2, 1348

.820

Time*Economic Status

1.17

1, 1348

.279

Time*Gender

0.32

1, 1348

.574
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Figure 2.1

Mean test scores for all YES participants and by economic status

(as indicated by eligibility for the National School Lunch Program: low income =
eligible; higher income = ineligible).
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Figure 2.2

Mean test scores for YES participants by race/ethnicity and gender.
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CHAPTER III
EFFECTS OF A YOUTH ENVIRONMENTAL SCIENCE PROGRAM AND
DEMOGRAPHIC FACTORS ON RETENTION OF NATURAL SCIENCE
KNOWLEDGE

Abstract
Few empirical evaluations of the long-term cognitive outcomes of elementary
environmental education programs have been conducted. The purpose of this study was
to measure the level and duration of effects of an experiential, in-school natural science
program on knowledge as mediated by student race/ethnicity, gender, and economic
status. I developed grade-appropriate environmental science proficiency exams and
administered them at the end of the 2011-2012 and 2012-2013 academic years to fourthand fifth-grade students in a public school in rural town in Mississippi. Fourth grade
students (n = 80) who did not attend the program in 2011-2012 had significantly lower
year-end exam scores than their counterparts who attended (n = 216). Generalized linear
mixed model analysis of data from 391 fourth and 213 fifth grade students indicated
knowledge acquired through the environmental science program was retained and used
on the proficiency instrument. There was differential response to the program in
response to grade, income, and minority status.
Key words: environmental education, natural science, race, socio-economics,
achievement gaps, knowledge retention.
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Introduction
Youth Environmental Science (YES) immerses fourth and fifth grade students in
natural science education through five consecutive days (30 hours) of experiential
learning, team activities, outdoor field lessons, and a field trip to a local environmental
education center and natural site (see Chapter 2 for further description of curricula and
implementation protocols). Since YES operates on a school campus during the academic
year and day, participation barriers are removed for those often underrepresented in
science enrichment and outdoor experiences.
An evaluation of YES indicated the curricula and pedagogy were effective at
promoting learning; significant (p < .05) increases of 15 - 18% were documented on
immediate post-program knowledge assessments (Chapter 2). Students from all sociodemographic groups in the study demonstrated similar gains in knowledge, although
substantial differences in pre-existing knowledge were observed. As seen in the YES
evaluation, experiential learning models often used in environmental education (EE) are
often an effective method for promoting short-term cognitive abilities (e.g., Culen &
Volk, 2001; Ernst & Stanek, 2006; Powell & Wells, 2002; Randler & Bogner, 2002;
Randler, Ilg, & Kern, 2005; Tegt, 2011).
However, experiential learning theory (based upon the constructivist paradigm)
also predicts greater retention of knowledge should result, as students are more
interactively engaged in relevant learning; new content and improved understanding is
more deeply assimilated into their existing knowledge framework (Kolb & Fry, 1975;
Kolb, 1984). Comparative research on knowledge retention in relation to science
pedagogies has been conducted (Dochy, Segers, Van den Bossche, & Gijbels, 2003;
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Pradhan, Sparano, & Ananth, 2005; Specht & Sandlin, 1991). However, few studies
have examined the long-term cognitive benefits of experiential EE programs for students
in upper elementary schools (Carleton-Hug & Hug, 2010; Randler, Ilg, & Kern, 2005),
particularly that resulting from more intensive interventions (such as YES) or in schools
facing educational challenges associated with socio-economic factors of race/ethnicity,
economic status, and rural environments.
Objectives
One goal of YES is to advance participants’ knowledge of natural science core
competencies, leading to improved performance on state and national standardized tests.
Experiential learning theory would predict positive knowledge gains with enduring
outcomes. I designed this study to more fully examine the YES pedagogy for fostering
retention and application of natural science knowledge. The objectives were: (1) test the
hypothesis that knowledge obtained by students during YES would be retained, recalled,
and applied to answer questions on a simulated, year-end, proficiency exam; (2) measure
the level and duration of effects of this experiential, in-school environmental science
program on natural science knowledge as mediated by race/ethnicity, gender, and
economic status.
Method
Participants
My research focused on fourth and fifth grade students at a public upper
elementary school in a small rural town in Mississippi. At the time of this study, the
student body was comprised predominately of minority (61% Black, 32% White, 7%
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Asian, Hispanic, or other ethnicities) and low income (68%) students (NCES, 2013). On
state standardized tests (Mississippi Department of Education, 2013) and YES knowledge
assessments (Chapter 2), disparities in academic performance were evident among
racial/ethnic, gender, and socio-economic subgroups; significantly higher scores were
achieved by non-Black, female, and higher income students. A more detailed description
of the school district’s demographic distribution can be found in Chapter 1 and Appendix
A.
During the 2011-2012 academic year, 11 (n = 224 students) fourth grade classes
and 14 (n = 295 students) fifth grade classes participated in YES. In 2012-2013, 16
classes (n = 346 students) and 15 fifth grade classes (n = 313 students) were enrolled.
Instrument Development and Administration
I developed multiple-choice, natural science proficiency instruments for fourth
and fifth grade students, each containing 18 grade-appropriate questions selected from
practice tests available online through state departments of education (Appendices F and
G). These simulated, end-of-year, “standardized tests” contained questions relevant to
competencies and objectives from the 2010 Mississippi Science Framework (Mississippi
Department of Education, 2008) and differed from those used in previous YES
knowledge assessments (Chapter 2). Because of their source, questions were considered
reliable, and no further evaluation of the instruments was conducted prior to
implementation. The survey instruments and corresponding research permission forms
were approved by the Mississippi State University Institutional Review Board (Protocol
#11-234), and I obtained parental permission prior to implementing the assessment.
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Unique identification codes were assigned to each student to provide anonymity and
protect their identity.
Class attendance at YES during this study was alternated weekly by grade to
address possible effects of student maturation and classroom instruction on the
evaluation. During the two-year evaluation period, two experienced environmental
educators taught the same lessons to every class to minimize instructor effects.
During 2011-2012 and 2012-2013, students throughout the school voluntarily
completed the natural science survey instrument at the end of the year in May.
Homeroom teachers administered the assessments in their classrooms to maintain
students’ familiarity with the testing environment and reduce potential bias resulting from
researchers conducting both the evaluation and the intervention (Bogner, 1998; Rossi,
Lipsey, & Freeman, 2004). I obtained student gender, race/ethnicity, and National
School Lunch Program (NSLP) eligibility status from YES enrollment records, school
administration, and students. Students from low-income home situations are eligible for
participation in the NSLP (which provides free or reduced-price school lunches) whereas
those from higher-income families are not; therefore, student eligibility for the NSLP was
used an indicator of economic status. Ethnicity/race data were collected based on the five
categories often used in educational reports (White, Black, Asian, Hispanic, and
Other/Unknown). However, because sample sizes were small for the latter three
subgroups, I combined these categories into three levels of race/ethnicity (White, Black,
and Other) for the analysis.
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Data analysis
Incomplete tests (defined by failure to complete one or more entire exam pages)
were excluded from analyses. Data from students in fifth grade in 2012-2013 who had
participated in YES as fourth graders were also excluded because their prior experience
may have influenced their scores (Kruse & Card, 2004). Individual responses to exam
questions were double-entered by student identification code into a Microsoft© Access®
database. These data were then graded in Microsoft© Excel® using a series of if-then
statements, and percent correct was calculated for each exam for each student. I coded
academic (grade, school year, class) and demographic (gender, race/ethnicity, economic
status) data and assigned them to each student’s identification code. Statistical analyses
were conducted using IBM© Statistical Package for the Social Sciences (SPSS)®
Statistics Version 21 (IBM Corp, 2012).
I tested the null hypothesis that year-end proficiency exam scores from fourth and
fifth grade students would not differ in relation to time since their YES participation.
Students who attended YES fewer than 24 of the 30 possible hours (due to school
absence, in-school suspension, or remedial interventions) were excluded from this
analysis. Grades were considered separately because science instruction was provided
differently; all fourth grade subjects were taught by one teacher whereas fifth grade
subjects were divided between two specialized teachers (one for math and science, one
for language arts and social sciences).
For each grade, I used generalized linear mixed model analysis to test hypotheses
about sources of potential variation in performance on the proficiency exam. The main
effect of time tested for changes in survey scores in relation to time since YES attendance
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(measured in weeks). Main effects of academic year, gender, race/ethnicity, economic
status, and interactions between economic status and race/ethnicity and between
economic status and gender were included as fixed factors. The interactions of
race/ethnicity, economic status, and gender with time since YES were also incorporated
as fixed factors to test for potential variations in response. Student classroom was
included as a random effect since students within a class are not independent (Leeming,
Dwyer, Porter, & Cobern, 1993). Because the YES curriculum was correlated to state
science competencies, students should have been exposed to similar content in their
regular classroom lessons. Therefore, it would be reasonable to assume that as students
developed academically over the course of the school year, knowledge would be gained
and performance on the year-end natural science proficiency exam would be affected
(Rossi, Lipsey, & Freeman, 2004). To account for potential bias associated with subject
maturation, I incorporated pre-existing knowledge as a function of time in school in the
model. YES participants voluntarily completed an environmental science test on their
first day in the program. Individual pretest scores were regressed on time (academic
week) of YES participation, and the residuals were incorporated as a covariate in the
model, thereby removing any time effect in this measure of pre-existing knowledge.
In 2011-2012, four fourth grade classes (n = 80 students) did not attend YES
because of scheduling conflicts, thus creating a control group to which a treatment group
(2011-2012 fourth grade YES participants; n = 216) could be compared. A generalized
linear mixed model analysis was conducted to test the hypothesis of no difference
between treatment and control group scores on the year-end exam. Fixed factors in the
model included experimental group (treatment or control), race/ethnicity, economic
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status, gender, and the interactions between race/ethnicity and economic status and
between race/ethnicity and gender. Student classroom was a random factor in the model.
The generalized linear mixed models used a normal distribution with an identity
link, Type III sums of squares, restricted maximum likelihood estimation, and compound
symmetry covariance structure (as indicated by the smallest AIC [Akaike’s Information
Criterion] value returned after analysis of models using different candidate covariance
structures, e.g., Gutzwiller & Riffell, 2007). Tests of model assumptions indicated
residuals were normal, and variances were homogeneous. An alpha level of .05 was
chosen a priori.
Study Results
Fourth grade students who did not attend YES in 2011-2012 had significantly
lower year-end exam scores (M = 64.61, SE = 2.80) than their counterparts who did (M =
70.16, SE = 2.42, F(1, 283) = 6.32, p = .013). Race/ethnicity was a significant main
effect, F(2, 283) = 13.52, p < .001. Post hoc multiple comparisons indicated mean May
scores of White and Other students (M = 72.24, SE = 1.92 and M = 71.49, SE = 6.45,
respectively) were similar (p = .609); however, those from Black students (M = 58.43, SE
= 2.03) were significantly lower (p = .002).
I tested null hypotheses that year-end proficiency exam scores from fourth and
fifth grade students would not differ in relation to time since YES participation. A total
of 391 exams from fourth grade students and 213 from fifth grade students were
analyzed. The time main effect tested for changes in test score (learning gains) over the
five-day instructional period. Time since YES participation was not significant for either
grade (Table 3.1).
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To better understand the relationship between year-end exam scores and elapsed
time, I plotted least square means against time since YES participation. As might be
expected, an inverse relationship between exam scores and elapsed time was evident in
the fourth grade data (Figure 3.1). Since differences in academic performance among
economic and racial/ethnic subgroups were noted on YES pretests (Chapter 2), I further
examined the effect of these demographic characteristics on natural science knowledge
retention. Mean year-end exam scores were generally higher for White and higher
income fourth grade student subgroups, however, response to elapsed time were
comparable (Figures 3.2 and 3.3).
In contrast to the pattern observed in the fourth grade data, year-end exam scores
from fifth grade students appeared to increase as time since YES increased (Figure 3.4).
When this relationship was examined by demographic subgroup, I found better exam
performance by White and higher income fifth graders but general steady or declining in
exam scores with time. Conversely, Black and low income fifth grade students had
overall lower proficiency scores yet showed general increases in exam performance as
time since YES increased (Figures 3.5 and 3.6).
Discussion
Results from this research support experiential learning theory and the null
hypotheses that year-end proficiency exam scores from YES students would not differ in
relation to elapsed time. Natural science knowledge gained by fourth and fifth grade
students during their participation in this EE program did not decline significantly with
elapsed time, prompting us to conclude the pedagogy encouraged long-term retention of
YES content. Furthermore, students were able to apply the acquired information to an
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assessment which tested broader life science competencies mandated by the state science
framework. Students who were unable to participate in YES did not perform as well on
this instrument as their peers who did attend, providing further evidence of the program’s
efficacy for building measurable achievement in and retention of environmental science
knowledge.
Experiential learning theory predicts students will have increased retention if
allowed to have a more active role in their education (Kolb, 1984), and extant research
involving older students supports this. For example, a meta-analysis (n = 43 articles) of
effects of problem-based learning (a variant of experiential learning) in college
classrooms demonstrated positive, lasting knowledge-related outcomes in students
(Dochy, Segers, Van den Bossche, & Gijbels, 2003). Specht and Sandlin (1991) found
undergraduate college students taught with a traditional instructional format showed
significant decreases on posttests given 6-weeks after the intervention whereas those
from an experiential-based class did not. Lisowski & Disinger (1991) reported high
school students’ results on retention tests given four weeks after field lessons in ecology
were not significantly different than those on immediate posttests.
Although experiential learning models are often used in EE programs for children,
empirical evaluations of long-term impacts on natural science knowledge are limited. In
a 1993 literature review of experiential classroom-based interventions, Leeming, Dwyer,
Porter, & Cobern found only two studies which attempted to measure knowledge
retention. More recently, Randler and Bogner (2002) tested fifth and sixth grade German
students six weeks after participation in an experiential ornithology lesson and reported
delayed posttest scores similar to immediate posttest scores. Randler, Ilg, & Kern (2005)
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concluded the addition of an outdoor field activity to a curriculum on amphibians resulted
in significant differences in post-intervention (4-5 weeks) test scores between treatment
and control groups of third and fourth grade students (n = 46). This study found
beneficial results to learning as long as 36-weeks after the EE program. This could be a
consequence of my sampling framework, which considered time intervals greater than
those in previous studies, or because the comparatively more greater exposure time (30
hours) to YES curriculum content may have engendered greater retention and
transference of program content.
Although I documented no statistically significant relationship between year-end
scores and elapsed time in this evaluation, there was a slight decline in fourth grade
student scores with time. As might be expected, higher scores on the assessment
instrument were generally associated with students who attended YES near the end of the
school year. This observation contrasts with the pattern in data from fifth grade students,
which demonstrated a positive relationship between year-end exam scores and time since
YES participation. Fourth grade science instruction at the focal school was minimal
according to 10 of 12 surveyed teachers who voluntarily reported teaching science less
than 1 hour per week (unpublished data). In contrast, fifth grade students received
regular, weekly science instruction in topics coordinated across all classes. These latter
students were taught by team teachers, one of whom was assigned to math and science
instruction, resulting in a weekly minimum of 1-5 hours of science education
(unpublished data). Given the overall trends observed in proficiency scores in relation to
elapsed time, I concluded exam performance (an index of retained and/or applied
knowledge) declined in the absence of additional reinforcement from fourth grade
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teachers, but at a rate slow enough that no significant difference was detected in my
model. Conversely, fifth grade proficiency exam scores showed an inverse (nonsignificant) relationship with elapsed time, leading us to conclude YES participation may
have precipitated further science learning throughout the rest of the school year. Those
students who attended YES early in the year appeared to have gained more natural
science knowledge by the end of the year than those who participated later in the school
year.
Experiential learning theory would lead one to conclude this EE program’s
curriculum and pedagogy stimulated students in building a cognitive framework upon
which they supplemented or reinforced with new information when encountered in
regular science classes (Kolb, 1984). In contrast, those who attended YES later in the
year may have lacked that same contextual framework because the didactic approach to
science education used in their classrooms did not promote its construction.
Student race/ethnicity, gender, and economic status were significant mediating
factors in my previous evaluation of short-term effects of YES; however, the interactions
between elapsed time and these demographic factors were not significant in this analysis.
Nevertheless, long-term response to YES appeared to differ among economic and racial
subgroups and by grade-related instruction. Low income and Black fourth grade students
did not obtain the same level of performance on the proficiency exam as their higher
income or White peers; however, all showed similar responses to elapsed time. In
contrast, a pattern of increasing scores in relation to elapsed time in fifth grade students
appears to have been associated with low income or Black participants; higher income or
White YES students showed slight declines in the year-end proficiency exam scores
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concurrent with increasing time since intervention. These patterns suggest YES
pedagogy in the presence of additional classroom reinforcement had a differential impact
on students, i.e., it seems to have promoted greater retention among minority and low
income students. If this conclusion is appropriate, it provides evidence of a possible
mechanism for closing the science achievement gap that exists among demographic
subgroups.
Some researchers have considered the effect of instructional practice on science
achievement as influenced by demographic subgroup. In an analysis of a large data
subset from the National Education Longitudinal Study, Von Secker & Lissitz (1999)
found empirical support for more equitable student achievement among demographic
profiles (minority status, gender, and socioeconomic status) in high schools where
laboratory instruction (an experiential approach to learning) was emphasized rather than
teacher-centered approaches. Mehalik, Doppelt, & Schuun (2008) indicated an
experiential approach was most effective with low-achieving, Black, middle school
students. The topical organization of YES, combined with relevant, experiential, and
problem-based learning activities, may have provided the missing knowledge base and
meaningful idea framework that enabled these students to successfully apply YES
environmental knowledge to the proficiency exam (National Research Council, 2000).
Although environmental education models often incorporate the theory of
reasoned action, presuming attitudes will be altered after knowledge is increased (Ajzen
& Fishbein, 1980; Fishbein & Ajzen, 1975). Zimmerman (1996) suggested EE
evaluators and educators should consider the possibility that positive attitudes can
precede and enhance the learning that follows. Programs like YES may provide the
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interest, relevance and improved attitudes toward science that promote subsequent
learning and retention. For low income and minority students who often have few
science enrichment opportunities (Oakes, Ormseth, Bell, & Camp, 1990), the novelty of
an intensive, experiential, nature-based EE program like YES may have greater impact
and result in longer retention of program content.
Sociocultural cognitive theory, which proposes knowledge is constructed as a
result of social interaction, also informs the outcomes of my research (Noddings, 2012;
Seely-Brown, Collins, & Duguid, 1989). The group interactions and team learning
associated with experiential learning and YES pedagogy may have been particularly
important to minority students for building cultural relevance and assimilating new
content. This may be especially relevant if teachers are limited in this ability because
they represent a different race, ethnicity or socioeconomic group. In comparison, the
non-minority or higher income students in my study were more likely to have had more
enrichment opportunities (Oakes, Ormseth, Bell, & Camp, 1990); therefore, an
intervention such as YES may have been less impactful.
Conclusions
Although my results are limited to one rural, school in Mississippi, they support
experiential learning theory and the YES model as an effective educational program that
produces lasting outcomes. Additional research that explores YES implementation in
schools with different student body composition, economic status, or cultural
environments would provide insight into identifying elements that constitute effective
environmental education for all target audiences.
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Further evaluation of the timing of EE interventions within an academic year is
needed. Attendance at YES early in the school year appears to have promoted natural
science learning throughout the rest of the school year. If this conclusion is correct, then
such interventions would be more efficacious if scheduled early in the academic year,
allowing additional classroom instruction to reinforce and build upon the content. In the
absence of routine classroom science teaching, additional, mid-year programming may be
necessary to maintain EE-related benefits.
The study also highlights the need to consider the relative effect of environmental
educational programs at finer--rather than broader--demographic scales (e.g., income
level vs. socioeconomic status, Black females vs. females, etc.) to better capture any
existing variability in response. Clarifying unequal response to EE is necessary to
strategically design programs which meet the needs of target populations.
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Table 3.1

Fixed factors used in a mixed model analysis of year-end, natural science,
proficiency exam scores from Youth Environmental Science participants.
Fourth grade
dfnum, dem

Fifth grade

Source

F

Time since YES

3.32

1, 375

.069

0.70

1, 197

.405

Academic Year

1.75

1, 375

.187

0.01

1, 197

.917

Gender

0.07

1, 375

.794

0.01

1, 197

.934

Race/Ethnicity

0.42

2, 375

.655

1.26

2, 197

.285

Economic Status1

2.05

1, 375

.154

0.43

1, 197

.512

Race/Ethnicity*Economic Status

1.32

2, 375

.268

0.69

2, 197

.503

Race/Ethnicity*Gender

0.73

2, 375

.485

0.19

2, 197

.828

Time since YES*Economic Status

0.06

1, 375

.802

0.30

1, 197

.582

Time since YES*Race/Ethnicity

0.03

1, 375

.972

0.85

1, 197

.428

Time since YES*Gender

0.04

1, 375

.834

0.62

1, 197

.431

Pre-existing knowledge2

81.01

1, 375

**.000

149.41

1, 197

**.000

1

p-value

F

dfnum, dem

p-value

Economic status determined by eligibility for the National School Lunch Program;
eligible = low income; ineligible = higher income.
2
Pre-existing knowledge measured by YES pretest score.
Note. Asterisks (**) denote significant factors at p = .05
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Figure 3.1

Estimated mean scores from 4th grade students on a year-end, natural
science, proficiency exam in relation to time since participation in Youth
Environmental Science.
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Figure 3.2

Estimated mean scores from 4th grade students on a year-end, natural
science, proficiency exam in relation to time since participation in Youth
Environmental Science (YES) by economic subgroup.
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Figure 3.3

Estimated mean scores from 4th grade students on a year-end, natural
science, proficiency exam in relation to time since participation in Youth
Environmental Science (YES) by race.
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Figure 3.4

Estimated mean scores from 5th grade students on a year-end, natural
science, proficiency exam in relation to time since participation in Youth
Environmental Science (YES) by race.
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Figure 3.5

Estimated mean scores from 5th grade students on a year-end, natural
science, proficiency exam in relation to time since participation in Youth
Environmental Science (YES) by economic subgroup.

51

Figure 3.6

Estimated mean scores from 5th grade students on a year-end, natural
science, proficiency exam in relation to time since participation in Youth
Environmental Science (YES) by race.
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CHAPTER IV
EFFECTS OF IMMERSIVE ENVIRONMENTAL SCIENCE ON CHILDREN’S
ATTITUDES AS INFLUENCED BY RACE, ECONOMIC STATUS
AND GENDER

Abstract
Rural Mississippi elementary school (fourth and fifth grades) students participated
in a 5-day, 30-hour, environmental science immersion program during the 2011-2012 and
2012-2013 academic years. Attitudes immediately pre- and post-program were assessed
using the New Ecological Paradigm (NEP) Scale for Children (Manoli, Johnson, &
Dunlap, 2007). Higher pre-intervention attitude scores were observed in female, higher
income, or White and non-Black students. Time, race/ethnicity, and economic status
were significant main effects on post-intervention attitude scores. No interactions
between demographic factors and time were found, suggesting all students responded
similarly to the program. Results of this study imply the environmental education
program was effective for promoting greater pro-environmental attitudes among upper
elementary students from a diverse and minority-dominated school.
Key words: environmental education, science education, environmental attitudes,
gender, race, economic status, New Ecological Paradigm

56

Introduction
Environmental education (EE) has historically been predicated on the assumption
that conservation-oriented behaviors can be built by increasing environmental
knowledge, i.e., people must have some cognitive understanding to develop concern for
or favorable attitudes about the environment (Ramsey & Rickson, 1977; Stapp, 1969;
United Nations Educational, Scientific, and Cultural Organization [UNESCO], 1978).
This approach to behavioral change is supported by the theory of reasoned action (Ajzen,
1991; Fishbein & Ajzen, 1975) which proposes an incremental hierarchy for behavior
change: belief, attitude, intention, and behavior. According to this theory, belief involves
knowledge concerning an object. Attitude, which involves emotion and evaluation with
respect to that object, flows from belief and leads to intention and action. Further
research has indicated more complex, non-linear models involving additional components
such as knowledge of action strategies, locus of control, and social and personal moral
norms are necessary to more fully describe and predict adoption of environmentally
responsible behaviors (Bamberg & Möser, 2007; Hines, Hungerford, & Tomera, 1987;
Hungerford & Volk, 1990; Johnson & Manoli, 2011). Furthermore, since the factors that
shape an individual’s value system and motivate them to action are highly complex and
individual (Ajzen, 1991), efforts designed to alter them meet with variable success,
especially when the target of programs are children who are still subject to external forces
such as parental involvement and peer pressure.
Environmental education programs that target younger students, especially those
that incorporate wildlife, may have greater efficacy at altering attitudes. Wilson (1984)
hypothesized there exists a natural bond between people and living things which he
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termed “biophilia”. If this is valid, then wildlife and other natural science topics could
serve as a “Trojan horse” through which environmental interest and concern is
engendered. Additionally, children in upper elementary school are transitioning from an
affective, emotional relationship with animals to a greater cognitive phase (Kellert, 1985;
2002). This prediction is supported by Larson, Green, & Castleberry (2008) who noted
an inverse relationship between age (6- to 13-years old) and mean eco-affinity attitude
scores. If this hypothesis is valid, environmental and conservation educators should
target older adolescents to capitalize upon their natural affinity for living things and their
expanding intellectual capabilities.
One such program is Youth Environmental Science (YES), an immersive, natural
science program piloted in a rural Mississippi, minority-dominated, upper elementary
school. YES was developed in 2011 to stimulate academic achievement and interest in
environmental conservation. Individual fourth and fifth grade classrooms participate in
YES for five consecutive days (a total of 30 hours) of experiential, multi-disciplinary
classroom instruction based on wildlife and other ecological topics (Chapter 2).
Limited investigation into the attitudinal response of elementary school children
to classroom-based EE programs has occurred. Many of these studies examined
outcomes of short duration educational experiences such as field trips, outdoor classes, or
guest instructors (Farmer & Wott, 1995; Farmer, Knapp, & Benton, 2007; Lisowski &
Disinger, 1991; Morgan & Gramann, 1989). Studies of longer-duration interventions
such as YES are less common and are generally focused on summer or residential camps
(Bogner, 1998; Dettmann-Easler & Pease, 1999; Larson, Castleberry, & Green, 2010;
Smith-Sebasto & Cavern, 2006; Smith-Sebasto & Semrau, 2004) or EE lessons
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conducted during multi-week science class meetings (Armstrong & Impara, 1991; Culen
& Volk, 2000).
The objectives of this research were to address the information gap in elementary
school children’s environmental attitude changes resulting from school-based, immersive
EE interventions by (1) documenting attitudes of upper elementary school students from
different races/ethnicities, gender, and economic backgrounds, and (2) determining the
effects of YES on students’ attitudes towards the environment, as mediated by
demographic factors. We predicted environmental attitudes would vary among
demographic groups and would improve in response to YES intervention.
Method
Participants
Participants in this study were fourth and fifth grade students in a small-town
school in rural Mississippi. Approximately 64% of the students were Black and 31%
White; smaller percentages of Asian (2%), Hispanic (1%) and other races/ethnicities
(2%) were present (National Center for Educational Statistics [NCES], 2013). Numbers
of males (51%) and females (49%) were similar. Sixty-eight percent of the students were
eligible for the National School Lunch Program (NSLP) (NCES, 2013). Since students
from low-income home situations are eligible for free or reduced-price school lunch,
NSLP eligibility was used an indicator of economic status.
During the 2011-2012 academic year, 11 out of the 15 fourth grade classes and 14
out of the 15 fifth grade classes participated in YES. In 2012-2013, all of the school’s
classes of fourth (16 classes) and fifth graders (15 classes) were enrolled.
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Instrument
I measured students’ environmental attitudes using the New Ecological Paradigm
Scale for Children (Manoli, Johnson, & Dunlap, 2007), an instrument with established
validity and reliability for use with upper elementary school children (Appendix H). The
NEP scale (Dunlap & Van Leire, 1978; Dunlap, Van Liere, Mertig, & Jones, 2000) is
based on Catton and Dunlap’s (1978; 1980) theory concerning environmental
worldviews. It states a continuum exists from the anthropocentric Dominant Social
Paradigm (DSP) that emphasizes economic growth and human dominion over nature to
the New Ecological Paradigm (NEP, formerly New Environmental Paradigm) that values
environmental protection and human interdependence with nature. The children’s
version of the survey consists of ten, 5-point Likert-type scale items within three factors
or domains--Eco-Crisis, Human Exemptionalism, and Rights of Nature (Dunlap & Van
Liere, 1978; Dunlap et al., 2000) (Table 4.1). Items within the Eco-Crisis domain assess
an individual’s general awareness of negative environmental outcomes of human activity.
The Human Exemptionalism domain reflects opinions concerning the environment’s
ability to withstand these impacts and people’s role in and ability to controlling nature.
The scale’s third component, Rights of Nature, assesses one’s beliefs concerning the
inherent relationships and rights associated with humans and the natural world. Scores
within each domain are summed to obtain a total NEP score such that higher values
reflect greater support for the NEP.
The test instrument and corresponding research permission forms (parental
consent and teacher consent [Appendix D and E]) were approved by the Mississippi State
University Institutional Review Board (Protocol #11-234). I obtained consent of school
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administrators, teachers, and parents prior to the study. Student anonymity was protected
by assigning unique identification codes to each student.
Participants in YES voluntarily completed the attitude survey instrument
immediately prior to and following program activities. To measure effects of mediating
factors on attitude scores, students’ gender, race/ethnicity (White, Black, Asian, Hispanic,
or Additional groups), and NSLP enrollment (eligible or ineligible) were obtained from
students, YES enrollment records, and school administration.
Data analysis
Many fifth grade students in 2012-2013 had attended YES as fourth graders in
2011-2012. I excluded these prior participants because their fourth grade experience may
have influenced their fifth grade survey responses. I also excluded students who did not
have both pre- and post-intervention attitude surveys (caused by school absence or
removal from YES). Demographic (gender, race/ethnicity, economic status) and
academic (grade, school year, class) data were coded and assigned to each corresponding
student code. Ethnicity/race data were collected based on the five categories generally
used in educational reporting (White, Black, Asian, Hispanic, and Other groups);
however, because sample sizes were small for the latter three groupings, these categories
were combined and three levels of race/ethnicity (White, Black, and Other) were used for
the analysis.
Responses to survey items were entered by student identification code into a
Microsoft© Access® database. Responses were coded such that 1 = “strongly disagree”,
2 = “disagree”, 3 = “not sure”, 4 = “agree” and 5 = “strongly agree”. Four items (3, 6, 7,
and 9) were negatively worded and subsequently reverse-coded so that higher values
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reflected greater support for the NEP. Item values were summed by student to generate
each individual’s domain and total NEP scores.
In the study school, fourth grade subject areas were taught by a single classroom
teacher, whereas fifth grade subjects were divided among subject-area teachers. Most of
the fourth grade teachers self-reported spending less than one hour of science instruction
per week (unpublished data). In contrast, fifth grade students had regular science
instruction by trained science teachers and, consequently, may have had more
opportunity to form attitudes regarding the environment. Therefore, I analyzed attitude
data separately by grade.
I tested the null hypothesis that individual students’ pre-YES and post-YES
attitude scores would not differ using a generalized linear mixed model. Time (pre- and
post-) served as a repeated measure response variable. The main effect of time tested for
changes in attitude scores over the five-day instructional period. Main effects of
academic year, gender, race/ethnicity, and economic status (using NSLP eligibility as an
index) and their interactions with time were included as fixed factors in the analysis to
test hypotheses about these sources of potential variation in attitude (main effects) and
moderating effects on attitude changes (interactions with time). Two-way interactions
among race/ethnicity, economic status, and gender were also included in the model.
Classroom was incorporated as a random effect because students within a class were not
independent (Leeming, Dwyer, Porter, & Cobern, 1993); each class consisted of a group
of students who participated in YES together and who were under the instruction of a
unique teacher prior to entering the program
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The generalized linear mixed models used a normal distribution with an identity
link, Type III sums of squares, restricted maximum likelihood estimation, and compound
symmetry covariance structure (as indicated by the smallest AIC (Akaike’s Information
Criterion) value returned after analysis of models using different candidate covariance
structures [e.g., Gutzwiller & Riffell, 2007]). Assumptions for this analysis procedure
were satisfied. An alpha level of .05 was chosen a priori. All statistical analyses were
conducted using IBM© Statistical Package for the Social Sciences (SPSS)® Statistics
Version 21 (IBM Corp, 2012).
Study Results
I analyzed data from 518 fourth grade and 320 fifth grade YES participants from
the 2011-2012 and 2012-2013 school years. Although Black students represented 64% of
the student body, a smaller proportion (61%) was represented in the data because a higher
percentage of missing pretest/posttests was associated with this group. Consequently,
White and Other participants constituted slightly greater proportions of the data at 33%
and 6%, respectively. Distribution of fourth grade data within gender and economic
groups was representative of the student population; however, in fifth grade, female
students (51%) and NSLP-ineligible students (33%) were slightly over-represented as
compared to that in the school population (49% and 31%, respectively).
Pre-Intervention Attitudes
Endpoint values (10 - 50) on the overall NEP scale represent full support of the
two opposing environmental paradigms (DSP vs. NEP) with the midpoint (equal to 30)
implying a neutral position. Least square means of total NEP scores for fourth (M =
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34.55, SE = .36) and fifth (M = 34.61, SE = .36) grade students suggests they had slightly
pro-environmental attitudes prior to YES participation (Table 4.2). Higher total NEP
scores were documented in students who were female (Fgrade4 (1, 517) = 4.05, pgrade4 =
.045; Fgrade5 (1,329) = 54.62, pgrade5 < .001)), from higher income situations (Fgrade4 (1,
517) = 455.23, pgrade4 < .001; Fgrade5 (1,329) = 306.87, pgrade5 < .001), or were members
of the Other race/ethnic category (Fgrade4 (2, 517) = 266.27, pgrade4 < .001; Fgrade5 (2,329)
= 197.44, pgrade5 < .001)).
Subscale scores for the Rights of Nature and Human Exemptionalism domains
could range between 3 and 15 with a midpoint value = 9. Eco-Crisis subscale scores
could vary between 4 and 20 with a midpoint = 12. Students’ pre-intervention subscale
scores within the Eco-Crisis (Mgrade4 = 14.06, SEgrade4 = .20; Mgrade5 = 13.89, SEgrade5 =
.26) and Rights of Nature (Mgrade4 = 12.62, SEgrade4 = .12; Mgrade5 = 12.41, SEgrade5 = .14)
domains implied attitudes more favorable of the NEP, whereas scores from the Human
Exemptualism domain (Mgrade4 = 7.85, SEgrade4 = .18; Mgrade5 = 8.31, SEgrade5 = .15)
suggested weak support for the DSP among surveyed students.
As with the total NEP score, higher income students from both grades had
significantly greater (p < .001) attitude scores than their low income counterparts on all
domain subscales. Similarly, female students had more pro-environmental attitudes (p <
.001) as measured on the Rights of Nature and Eco-Crisis subscales but had similarly
(pgrade4 = .398; pgrade5 = .142) weak DSP attitudes as male participants when measured on
the Human Exemptualism subscale. Bonferroni post hoc examination of racial/ethnic
subscale scores within each domain indicated Black students in both grades had the least
environmentally favorable scores in all three domains. White and Other demographic
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groups had more positive attitude scores, with those from the Other category generally
being the highest. One notable exception was observed within the Rights of Nature
Domain where fifth grade Other and Black student scores were not different (p = .323)
and were significantly lower (p < .001) than those from their White peers.
Post-Intervention Attitudes
The generalized linear mixed model analyses indicated the main effect of time
(pre-YES vs. post-YES) was a significant factor for both grades in all but one of the
models (Tables 4.3-4.6). With the exception of responses in the Human Exemptualism
domain, post-YES total NEP scores and domain sub-scores were significantly higher
from pre-YES values, suggesting program participation developed more favorable
environmental attitudes. Time was not a significant main effect in the Human
Exemptualism model for fourth grade student score data; it was significant for those from
fifth grade, but scores declined rather than increased with time.
Demographic factors influenced student attitudes but had varying relative
importance among subscales and between grades (Figures 4.1-4.4). Student
race/ethnicity and economic status were significant factors affecting all fourth grade
scores. Gender was not a significant influence on the students’ NEP scores, but fourth
grade females did show significantly greater environmental concern than males on items
within the Eco-Crisis domain (Table 4.5). Gender of fifth grade students was not a
significant main effect in any of the models; however, race/ethnicity and economic status
were significant factors affecting fifth grade total NEP score and Rights of Nature subscore. Pre-intervention patterns observed within demographic groups were retained post-
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intervention, as lack of significant interactions between main effects and treatment
indicated no differential response to YES.
Discussion
Pre-Intervention Attitudes
The NEP Scale for Children indicated upper elementary students in this study had
moderately low pro-environmental attitudes prior to participating in YES. More positive
attitudes reflected within the Rights of Nature domain showed general acceptance of the
New Ecological Paradigm’s premise that humanity and other living things are
interdependent and subject to natural laws. Relatively neutral attitudes within the EcoCrisis domain suggest these children lacked definitive opinions regarding the
consequences of many human-environment interactions. Furthermore, their responses to
items within the Human Exemptualism domain seemed to indicate some confidence in
nature’s ability to withstand human impacts and in people’s ability to control it and
prevent its destruction.
I found more environmentally favorable responses in female, White, and Other
demographic groups of students in this population. Previous research has documented
differences in children’s environmental attitudes among gender (Burrus-Bammel &
Bammel, 2010; Chawla, 1988; Eagles & Demare, 1999; Kellert & Berry, 1987) and racial
(Larson, Castleberry, & Green, 2010; Larson, Green, & Castleberry, 2008) groups.
Corresponding racial and gender response patterns on the NEP scale have been reported
for adults (Johnson, Bowker, & Cordell, 2004; McMillan, Hoban, Clifford, & Brant,
1997), which may imply attitudinal patterns from childhood are carried through to
adulthood. If so, EE intervention when attitudes are more amenable to change (i.e., late
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adolescence) might be beneficial to ameliorating disparities and promoting positive
viewpoints in adults.
I also documented more positive environmental attitudes among students who
were ineligible for the National School Lunch Program, an indication they had a higher
income (not necessarily affluent) home setting. Income level was disproportionally
represented among races/ethnicities at the study school. Although Black students
comprised approximately 60% of the school population, they constituted 85% of the
free/reduced lunch recipients. Smaller percentages of White students (40%) and Other
(50%) students were eligible for the NSLP. Although minority status is often equated
with low income, this study found no significant interactions between these factors,
indicating each condition was an independent predictor of student attitude. This outcome
implies both factors should be considered separately in studies of children’s response to
EE programs, and over-generalizing of racial/ethnic response patterns to economic ones
should be avoided.
Post-Intervention Attitudes
The Youth Environmental Science EE program promoted development of more
positive environmental attitudes among participating upper elementary school students.
Lack of interactions among demographic factors and the intervention indicates the
program was equally effective for all students, regardless of their race/ethnicity or sociodemographic status. The school district in this study serves children of international
university faculty and students as well as local children more representative of the state’s
demography. Although score changes were modest, these incremental changes in attitude
were uniform, suggesting YES was not biased in its appeal or effectiveness.
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Furthermore, my results within a multi-cultural, multi-racial population supports research
indicating the NEP Scale for Children is appropriate for ethnic comparisons (Van
Petegem & Blieck, 2006; Yilmaz, Boone, & Andersen, 2004), in contrast to calls for a
more ethnographically sensitive revision of the NEP (Kopnina, 2011).
Strongest pre-intervention values were observed in the Rights of Nature domain;
however, greatest attitudinal change was noted in the Eco-Crisis domain. This is likely a
function of the composition of the YES curriculum which is comprised of lessons from
programs such as Project WILD (Council for Environmental Education, 2007), Project
Learning Tree (American Forest Foundation, 2008), and Project WET (Project WET
Foundation, 2011). The majority of the selected material increased awareness of the
consequences of human-environmental interactions, thus more likely impacting
ecologistic attitudes and the Eco-Crisis subscale (Kellert, 1985), but it did not require
students to confront their moralistic beliefs reflected on the Rights of Nature and Human
Exemptualism subscales. Therefore, it is not surprising that these domains did not see the
same level of response.
Science instruction constituted a greater proportion of fifth grade YES
participants’ academic experience. Therefore, one might predict Eco-Crisis domain
scores to be higher among the older students, since they had regular classes in which they
may have studied topics related to the environment. Although the data were analyzed
separately by grade, Figures 4.1-4.4 indicate generally comparable attitudes between
fourth and fifth grade students. However, one notable divergence between grades is
within the Human Exemptualism domain; the pattern of increasing post-YES scores
among fourth graders becomes one of declining post-YES values for fifth grade students.
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In the absence of a qualitative component to this study, reasons for this shift to a more
Dominant Social Paradigm after the EE program are unclear. One possible explanation
may be related to survey items 3 (People are smart enough to keep from destroying the
earth), and 9 (People will someday know enough about how nature works to be able to
control it). Students in YES learned how scientists address questions to obtain new
knowledge and overcome problems, and these are also likely themes within their regular
science classes outside of YES. This instruction may have caused fifth grade students to
think people are smart enough to prevent widespread environmental degradation and
manipulate natural processes, thereby instigating choices on these two scale item that are
more reflective of the DSP than the NEP.
Identifying effective EE delivery mechanisms for producing positive and intended
outcomes is desirable, given the barriers of limited financial resources, testing emphasis,
and reduced outdoor time that exist in today’s public educational system. However,
comparing the effectiveness of the immersive and experiential pedagogy used in YES to
other methods is difficult because of the variation in scales, target audiences, and
interventions used in the literature (e.g., Armstrong & Impara, 1991; Bunting, & Cousins,
1983; Fennessey, 1974; Lagault & Pelletier , 2000; Larson, Green, & Castleberry, 2011;
Leeming, Dwyer, & Bracken, 1993; Johnson & Manoli, 2011; Musser & Malkus, 1994;
Yilmaz, Boone, & Anderson, 2004). A few longer-term, classroom-based interventions
have been investigated with variable outcomes on student attitudes. Fennessey et al.
(1974) compared experiential EE delivery with environmental simulation exercises
during ten 45-minute classes and failed to find differences in attitudes between third
grade treatment groups. After four to eight weeks of classroom-based EE activities, no
69

differences were found in attitudes of fifth and seventh graders compared to control
classrooms (Armstrong & Impara, 1991). Lagault & Pelletier (2000) demonstrated sixth
grade participation in an intensive, EE-based academic curriculum yielded greater
intrinsic motivation to engage in pro-environmental actions (e.g., recycling, conserving
energy, and purchasing biodegradable materials) than students in traditional academic
classes.
Residential EE programs, generally longer and more concentrated experiences,
improve environmental attitudes in students (Larson, Green, & Castleberry, 2008; SmithSebasto & Cavern, 2006). However, students with financial, social or other barriers to
EE may be unintentionally excluded from such opportunities (Oakes, Ormseth, Bell, &
Camp, 1990). Self-selected individuals with existing interest in natural science and
outdoor experiences and those with the financial and parental support necessary to gain
access may benefit from these programs, but the composition of these programs may not
be representative of the larger youth population (Burger, unpublished data). Programs
such as YES which are conducted within a school context remove financial, access, and
other participation barriers which may be particularly important to those inadvertently
excluded in other EE efforts.
Other research on the YES pedagogy indicated achievement on knowledge
assessments increased significantly after student participation in the program (Chapter 2).
This study reports significant concurrent improvement in participants’ attitude scores,
thus providing evidence of support for Ajzen’s theory of reasoned action. Additional
research is needed to further define the nature of the interrelationships among
individual’s and demographic groups’ cognitive and affective responses to EE.
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Conclusions
Providing sound, relevant, age-appropriate EE opportunities is an important
component to environmental conservation. Although pro-environmental attitudes alone
are unlikely to lead to specific behavioral changes (Monroe, 2003), it seems unlikely for
positive environmental behavior to occur in the absence of positive environmental
attitudes. School-based programs modeled after YES could engender positive concern
for conservation and environmental stewardship in diverse student audiences without
requiring unreasonable financial resources, infrastructure or teaching commitments.
Targeting upper elementary school students while interest in nature is elevated, cognition
is building, and attitudes are more fluid may allow for formation of a solid environmental
foundation from which actions may proceed.
Given the increasing proportion of the US population comprised of Black and
other traditionally minority groups, it is especially relevant that differences in attitudes be
addressed. This project shows that existing curricula, when delivered in an immersive,
experiential manner, are effective for educating and affecting diverse populations in
Mississippi. Access to opportunity rather than culturally inappropriate programs may be
the larger issue contributing to baseline differences in attitudes. Failure to recognize and
address this disparity has serious consequences for conservation of natural resources,
environmental stewardship, and environmental science professions.
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Table 4.1

Survey items on the New Ecological Paradigm Scale for Children.

NEP Subscale

Rights of Nature

Survey Item Number and Statement

1. Plants and animals have as much right as people to live.
4. People must still obey the laws of nature.
7. People are supposed to rule over the rest of nature.

Eco-Crisis

2. There are too many (or almost too many) people on earth.
5. When people mess with nature it has bad results.
8. People are treating nature badly.
10. If things don’t change, we will have a big disaster in the
environment soon.

Human Exemptualism

3. People are smart enough to keep from destroying the earth.
6. Nature is strong enough to handle the bad effects of people and
pollution.
9. People will someday know enough about how nature works to
be able to control it.

(Manoli, Johnson, & Dunlap, 2007)
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Table 4.2

Least square mean attitude scores on the New Ecological Paradigm (NEP)
Scale for Children from fourth and fifth grade students pre- and postparticipation in Youth Environmental Science, 2011-2013.
pre-YES

post-YES

NEP Domain

Grade

Total NEP score

fourth

34.55

0.36

35.57

0.39

2.95

fifth

34.61

0.36

35.27

0.29

1.91

fourth

12.62

0.12

12.96

0.16

2.69

fifth

12.41

0.14

12.80

0.11

3.14

fourth

14.06

0.20

14.66

0.20

4.27

fifth

13.89

0.26

14.53

0.22

4.61

Rights of Nature

Eco-Crisis

M

SE

M

SD

% change

Human

fourth

7.85

0.18

7.93

0.20

1.02

Exemptualism

fifth

8.31

0.15

7.92

0.13

-4.69
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Table 4.3

Fixed factors used in the mixed model analysis of New Ecological Paradigm
scores from fourth and fifth grade Youth Environmental Science
participants, 2011-2013.
Fourth grade

Source

F

Fifth grade

dfnum, denom p-value

F

dfnum, denom p-value

Model

16.33

14, 1012

**

41.59

14, 602

**

Time (pre-post)

37.96

1, 1012

**

.000

4.59

1, 602

**

Academic Year

0.45

1, 1012

.502

0.81

1, 602

.368

Gender

1.61

1, 1012

.205

1.48

1, 602

.224

Race/Ethnicity

24.05

2, 1012

**

4.70

2, 602

**

Economic Status1

15.49

1, 1012

**

.000

6.90

1, 602

**

Race/Ethnicity*Economic Status

1.79

2, 1012

.167

0.31

2, 602

.731

Race/Ethnicity*Gender

0.35

2, 1012

.707

0.50

2, 602

.608

Time*Economic Status

0.02

1, 1012

.895

1.84

1, 602

.176

Time*Race/Ethnicity

1.80

2, 1012

.167

1.45

2, 602

.234

Time*Gender

0.26

1, 1012

.609

0.22

1, 602

.643

1

.000

.000

Economic status determined by eligibility for the National School Lunch Program;
eligible = low income; ineligible = higher income.
** Significant factors at p < .05
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.000
.033

.009
.009

Table 4.4

Fixed factors used in the mixed model analysis of Rights of Nature subscale
scores (New Ecological Paradigm Scale for Children) from fourth and fifth
grade Youth Environmental Science participants, 2011-2013.
Fourth grade

Source

F

dfnum, denom

Fifth grade

p-value

F

dfnum, denom

p-value

13.77

14, 1012

**

14.07

14, 602

**

Time (pre-post)

6.85

1, 1012

**

.009

10.61

1, 602

**

Academic Year

0.30

1, 1012

.586

0.50

1, 602

.480

Gender

0.29

1, 1012

.591

1.83

1, 602

.177

20.45

2, 1012

**

6.42

2, 602

**

Economic Status1

8.70

1, 1012

**

.003

6.35

1, 602

**

Race/Ethnicity*Economic Status

0.30

2, 1012

.744

0.58

2, 602

.563

Race/Ethnicity*Gender

0.28

2, 1012

.757

0.91

2, 602

.402

Time*Economic Status

0.88

1, 1012

.349

2.88

1, 602

.067

Time*Race/Ethnicity

0.28

2, 1012

.755

0.16

2, 602

.851

Time*Gender

1.18

1, 1012

.278

0.04

1, 602

.843

Model

Race/Ethnicity

1

.000

.000

Economic status determined by eligibility for the National School Lunch Program;
eligible = low income; ineligible = higher income.
** Significant factors at p < .05
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.000
.001

.002
.012

Table 4.5

Fixed factors used in the mixed model analysis of Eco-Crisis subscale
scores (New Ecological Paradigm Scale for Children) from fourth and fifth
grade Youth Environmental Science participants, 2011-2013.
Fourth grade
dfnum, denom

Fifth grade
p-value

F

Model

4.97

14, 1012

**

9.86

14, 602

**

Time (pre-post)

22.38

1, 1012

**

.000

9.96

1, 602

**

Academic Year

0.07

1, 1012

.800

1.17

1, 602

.281

Gender

3.84

1, 1012

**

1.01

1, 602

.315

Race/Ethnicity

3.56

2, 1012

**

1.93

2, 602

.146

Economic Status1

4.92

1, 1012

**

.027

2.66

1, 602

.103

Race/Ethnicity*Economic Status

1.86

2, 1012

.156

0.94

2, 602

.390

Race/Ethnicity*Gender

2.79

2, 1012

.062

2.02

2, 602

.134

Time*Economic Status

1.86

1, 1012

.156

0.15

1, 602

.700

Time*Race/Ethnicity

2.18

2, 1012

.114

1.23

2, 602

.293

Time*Gender

0.23

1, 1012

.633

0.39

1, 602

.533

1

.000

.050
.029

F

dfnum, denom p-value

Source

Economic status determined by eligibility for the National School Lunch Program;
eligible = low income; ineligible = higher income.
** Significant factors at p < .05
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.000
.002

Table 4.6

Fixed factors used in the mixed model analysis of Human Exemptualism
subscale scores (New Ecological Paradigm Scale for Children) from fourth
and fifth grade Youth Environmental Science participants, 2011-2013.
Fourth grade

Source

F

Model

Fifth grade

dfnum, denom

p-value

11.21

14, 1012

**

Time (pre-post)

0.39

Academic Year

p-value

F

dfnum, denom

.000

15.16

14, 602

**

1, 1012

.533

7.60

1, 602

**

1.76

1, 1012

.183

3.32

1, 602

.079

Gender

0.03

1, 1012

.859

0.05

1, 602

.828

Race/Ethnicity

3.86

2, 1012

**

2.73

2, 602

.066

11.62

1, 1012

**

.001

2.16

1, 602

.142

Race/Ethnicity*Economic Status

0.77

2, 1012

.464

0.18

2, 602

.835

Race/Ethnicity*Gender

0.23

2, 1012

.791

0.56

2, 602

.574

Time*Economic Status

0.25

1, 1012

.617

0.94

1, 602

.334

Time*Race/Ethnicity

0.59

2, 1012

.749

0.68

2, 602

.507

Time*Gender

0.37

1, 1012

.543

0.42

1, 602

.517

Economic Status1

.021

.000
.006

1 Economic status determined by eligibility for the National School Lunch Program;
eligible = low income; ineligible = higher income.
** Significant factors at p < .05
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Figure 4.1

Least square means for pre- and post-YES NEP scores from fourth and
fifth grade YES participants, 2011-2013.
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Figure 4.2

Least square means for pre- and post-YES Rights of Nature subscale scores
from fourth and fifth grade YES participants, 2011-2013.
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Figure 4.3

Least square means for pre- and post-YES Eco-Crisis subscale scores from
fourth and fifth grade YES participants, 2011-2013.
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Figure 4.4

Least square means for pre- and post-YES Human Exemptualism subscale
scores from fourth and fifth grade YES participants, 2011-2013.
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CHAPTER V
GENERAL CONCLUSIONS

The Youth Environmental Science (YES) program was developed in Mississippi
to address the need to connect children with nature (Louv, 2005) and improve
environmental science literacy, especially among demographic groups with historically
lower science performance (Mississippi Department of Education, 2013; NCES, 2011)
and fewer outdoor enrichment opportunities (Oakes, Ormseth, Bell, & Camp, 1990).
Research on the efficacy of this experiential, in-school educational program for
improving elementary school students’ attitudes and knowledge was conducted in a rural,
minority-dominated school during the 2011-2012 and 2012-2013 academic years.
Results of the study suggest a positive cognitive and affective response in upper
elementary school children after participation in YES. Differences in pre-intervention
knowledge and attitudes were documented among gender, racial/ethnic, and economic
groups; however, YES participants from all demographic groups demonstrated
substantial and significant improvement in natural science knowledge and environmental
attitudes after the program. Knowledge gained by students in YES was retained over
time as indicated by performance on year-end natural science proficiency exams.
Furthermore, this research suggests YES intervention early in the school year yielded
more impactful learning than that resulting from later participation.
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Theories of constructivism (widely attributed to developmental psychologist Jean
Piaget) and experiential learning (Bruner, 1966; Kolb, 1984; Rogers & Frieberg, 1994)
propose knowledge and skills are developed from direct experience, such that learners
construct new concepts or ideas based upon a framework of existing knowledge. The
active, hands-on approach underpinning the YES pedagogy yielded outcomes predicted
by these theories and corroborated by other work indicating experiential learning to be
more efficacious for promoting knowledge than traditional didactic methods (Kolb &
Fry, 1975; Jacobson, McDuff, & Monroe, 2006). Furthermore, these theories provide an
explanation for greater achievement on year-end proficiency exams by those students
who attended YES early in the academic year; their early experience may have formed
the foundational framework upon which additional information encountered during the
remainder of the year could be incorporated. This pattern in knowledge retention was
particularly evident among Black and low income students, leading one to conclude the
program may be an effective mechanism for closing achievement gaps among
demographic groups, especially if implemented early in the school year.
The theory of reasoned action (Ajzen & Fishbein, 1980; Fishbein & Ajzen, 1975)
was also tested by this research. The theory proposes changes in knowledge are
necessary for subsequent changes in attitudes and--ultimately--behavior. I documented
more positive environmental attitudes following YES intervention and concurrent with
increases in environmental understanding, lending support for the theory.
As with most research, caution should be taken when attempting to extrapolate
outcomes of this study. With the exception of four fourth grade classes in the first year of
the study, all classes in the school participated in YES, thereby precluding the availability
88

of experimental controls. Evaluation of YES implementation within other school systems
with different student demographic composition could yield understanding of the
dynamics among race/ethnicity, income, and student knowledge, as well as discriminate
the subtle differences in environmental attitudes among demographic groups and
residential settings. Insight into these relationships would allow educators to tailor
programs that better address needs and desired outcomes. This may be particularly
important as historically minority race/ethnicities and urban-dwellers comprise an
increasingly larger segment of the U. S. population (Hobbs & Stoops, 2002).
Conservation agencies are facing declining support among traditional user groups
(United States Census Bureau, 2011) and will need to consider alternative methods to
garner backing from new constituents. Diversity issues within state and federal
environmental resource agencies also necessitate innovative approaches that result in
competent applicants from traditionally underrepresented groups. Immersive, in-school,
environmental education programs such as YES that incorporate an array of students-regardless of residential setting, family background, race/ethnicity, gender, financial
situation, or academic ability--will be necessary to ensure the protection of biodiversity,
environmental services, and human health and ensure a diverse pool of qualified
candidates for natural science careers.
Longitudinal research implies childhood activity is a predictor of adult patterns
(e.g., Kuh & Cooper, 1992; Scott & Willits, 1998; Yoesting & Burkhead, 1972).
Therefore, regular incorporation of experiential environmental education throughout
students’ K-12 careers may ensure cognitive and affective benefits accrued from
interventions such as YES are maintained and environmental stewardship is promoted.
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Educational institutions, in collaboration with resource agencies, may need to partner
together to provide the financial, administrative, and public support for widespread
implementation of K-12 environmental education. However, outcomes of such efforts
may yield adults with improved preparedness for post-secondary education or careers,
greater environmental literacy, and improved attitudes and behaviors regarding
conservation of natural resources. Aldo Leopold, considered by many to be the founder
of the wildlife conservation and management profession noted, “Acts of conservation
without the requisite desire and skill are futile. To create these desires and skills, and the
community motive, is the task of education” (1992, pg. 319). If his observation is
correct, those tasked with conservation of natural resources should also assume the
mantle of educator to engender the next generation of conservationists. Correspondingly,
those serving in the role of educator should recognize and act upon their unique ability to
influence the future sustainability of state and global environmental resources.
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Table A.1

Demographic characteristics of student populations used in YES evaluation.
Community a

Year

School b

Eligible Sample

2011

2011/12

2012/13

2011/12

2012/13

23,926

681

704

368

394

Number of 4th grade classes

----

15

16

11

16

Number of 5th grade classes

----

15

15

14

15

Percent Male

49.5

51.0

48.0

Percent Female

50.5

49.0

52.0

Percent Black

34.6

64.0

61.0

Percent White

59.6

31.0

32.0

Percent Asian

3.7

2.5

2.3

Percent Hispanic

1.8

1.0

1.9

Percent Additional

1.0

1.5

2.8

Percent NSLP c eligible

35.5

68.0

68.0

Percent NSLP ineligible

65.5

32.0

32.0

Number of students

a

Data on community demographics was obtained from the U.S. Census Bureau (2010).
Rounding error in these data may result in totals that do not add to 100%
b
Data on school demographic distributions was obtained from NCES (2013).
c
National School Lunch Program (NSLP) participation is based upon economic need;
those eligible for the program are considered to come from low income situations.
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Y.E.S. Program Assessment– Fourth Grade
This worksheet will help us to determine what subjects to include in the YES program
and where we need to work extra hard to provide extra instruction. Your score is not part
of your science grade and will not be shared with anyone. Just try to do your best.
NAME _____________________________________

DATE_____________

DIRECTIONS: Circle the letter that makes a correct, true statement. Just try to do your
best with each question.
Example: A dog is a:
a. Fish
b. Reptile
c. Mammal
d. Amphibian
The correct answer is C, Mammal, so you would circle the letter C.

1. Animals that are “terrestrial”:
a. live in water
b. live on land
c. live in trees
d. live in space

2. Biology is the study of:
a. living things
b. rocks and soil
c. patterns in numbers
d. weather
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3. Birds do not have :
a. hollow bones
b. teeth
c. feathers
d. beaks
4. What is an “adaptation”?
a. a way that animals live to help them survive in their environment
b. a behavior
c. a feature that an animal has that may change over time
d. all of the above
5. The best way to tell the difference between an oak tree and a maple tree is to compare
a. their heights.
b. the number of leaves on the trees.
c. the size of the root system of the trees.
d. the shape of the leaves.
6. . Which organisms in the picture represent carnivores?
a. plants and grasses
b. rabbits and caterpillars
c. snakes
d. hawks
7. The picture above represents a:
a. life span
b. food web
c. water cycle
d. seed germinating
8. An example of an endangered animal in Mississippi is:
a. the Louisiana Black Bear
b. the Eastern Coyote
c. the American Alligator
d. the white-tailed deer
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9. An example of a non-renewable resource is:
a. petroleum
b. trees
c. corn
d. animals raised for food
10. A species that no longer exists is:
a. endangered
b. abundant
c. extinct
d. wild game
11. Which of the following cannot be recycled after it is used?
a. newspaper
b. gasoline
c. aluminum can
d. plastic bottle
12. In a forest community, the energy that fuels the entire ecosystem comes from:
a. the rain.
b. the trees.
c. the sun.
d. gasoline
13. The bar graph shows the amount of rainfall for each month from April through
August. In which two months was the rainfall the same?
a. April and June
b. May and August
c. June and July
d. April and August
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14. A producer is a living thing that makes its own food from sunlight. Which of the
following is a producer?
a. human
b. bee
c. cow
d. corn plant
15. Which of the layers of the earth is the thinnest?
a. inner core
b. outer core
c. mantle
d. crust
16. The word “metamorphic” means to:
a. stretch
b. melt
c. heat
d. change
17. The result of tectonic plates moving is a(n):
a. hurricane
b. rain fall
c. eclipse
d. earthquake
---------------------------Additional questions added in 2012-2013 are below:

18. Rock that has been formed from layers of sediment is called:
a. igneous rock
b. sedimentary rock
c. metamorphic rock
d. molten rock

99

19. What is the best tool for measure the width or circumference of a tree?
a. thermometer
b. graduated cylinder
c. balance
d. tape measure
20. Which is most similar to the skin of a human?
a. The teeth of a crocodile
b. The gills of a fish
c. The feathers of a bird
d. The tail of a dog
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Y.E.S.! Program Assessment – Fifth Grade
This worksheet will help us to determine what subjects to include in the YES Program
and where we need to work extra hard to provide extra instruction. Your score is not part
of your science grade and will not be shared with anyone. Just try to do your best
NAME__________________________________________

DATE_____________

DIRECTIONS: Circle the letter that makes a correct, true statement. Just try to do your
best with each question.
Example: A dog is a:
a. Fish
b. Reptile
c. Mammal
d. Amphibian
The correct answer is C, Mammal, so you would circle the letter C.

1. Animals that are aquatic “aquatic”:
a. live in the water
b. live on land
c. live in trees
d. live in space
2. Ecology is the study of the relationship between:
a. different types of animals
b. plants and water
c. organisms and their environments
d. man and other animals
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3. Water is made of :
a. two hydrogen elements and one oxygen element
b. three hydrogen elements
c. one sodium element and one chlorine element
d. one hydrogen element and one oxygen element
4. What is an “adaptation”?
a. A way that animals live to help them survive in their environment
b. A behavior
c. A feature that an animal has that may change over time
d. All of the above
5. What part of a tree transports food to the leaves and back to the roots?
a. canopy.
b. heartwood.
c. xylem.
d. phloem.
6. In the picture below, what is the role of the hawk?
a. consumer
b. decomposer
c. herbivore
d. producer

7. An example of an endangered animal in Mississippi is the:
a. Louisiana Black Bear
b. Coyote
c. Beaver
d. White-tailed Deer
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8. A thunderstorm is an example of:
a. weather
b. climate
c. humidity
d. temperature

9.

A species that no longer exists is:
a. protected
b. endangered
c. abundant
d. extinct

10. Which of the following cannot be recycled after it is used?
a. paper
b. gasoline
c. aluminum can
d. plastic bottle

11. Plants make their own food through a process called:
a. photosynthesis
b. condensation
c. sedimentation
d. precipitation

12. In this picture, the number 1 is pointing at what kind of tooth?
a. carnassial
b. molar
c. incisor
d. canine
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13. Decomposers are helpful to the food chain because they:
a. provide nutrients to the soil
b. prey on carnivores
c. use photosynthesis to make food
d. make more water for other animals

14. Which of the following instruments measures air pressure?
a. thermometer
b. weather vane
c. barometer
d. anemometer

15. When water molecules fall to the ground, it is called:
a. evaporation
b. transpiration
c. condensation
d. precipitation

16. When different temperatures and humidity meet in one area, they can cause a(n):
a. hurricane
b. change in seasons
c. tornado
d. earthquake

17. A diagram of the water cycle is shown here.
Which arrow is showing precipitation?
a. Arrow number 1
b. Arrow number 2
c. Arrow number 3
d. Arrow number 4
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Additional questions added in 2012-2013 are below:
18. What is the best example of habitat reduction caused by humans?
a. Birds and animals flee a forest fire caused by lightning
b. Birds become sick from eating insects new to their area
c. A new species of fish competes with native fish for food
d. Animals moving into neighborhoods and subdivisions.

19. A girl found the skull of an animal. She did not know what the animal was, but she
was sure that it preyed on other animals for its food. What clue led to the
conclusion?
a. The eye sockets faced sideways.
b. The skull was much longer than it was wide.
c. There was a ridge on the front of the skull.
d. Four of the teeth were long and pointed.

20. How do plants get their energy?
a. By drinking water through their roots.
b. By using energy from the sun.
c. By eating other plants.
d. By absorbing heat from the ground.
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Youth
ENVIRONMENTAL
Science!

Your child’s teacher signed up to participate in the Youth Environmental Science (YES!)
program offered through the Starkville School District and the College of Forest Resources at
Mississippi State University during the week of __________ through _________. The program is
designed to supplement science topics in a hands-on, activity based format and meets national
and state standards.
In order to assess the impact and quality of the YES! program throughout the year, we would like
to ask the students to participate in an evaluation. Your child will be asked to answer some
questions about science at the beginning and end of their week in the YES! program. In addition,
we will be assessing students in the middle and at the end of the school year to evaluate their
retention of the material. Participation in this study is voluntary, and your child will never be
identified with any of his/her answers. Furthermore, all information your child contributes will
remain confidential. There are no physical, emotional, or psychological risks to participating in
the study. If your child wishes, he/she may stop participation at any time during the study.
We need your written permission for your child to participate in this evaluation and to ask your
child if they would like to participate in the study. If you have any questions regarding the study,
please feel free to call Dr. Tegt at 662-325-1000 or Ms. Burger at 662-325-6686. If you have any
questions regarding the use of human subjects, please contact the Office of Regulatory
Compliance & Safety at Mississippi State University at 662-325-3294. If you agree to include
your child in this study, please sign the statement below and return it to your child’s teacher.
Thank you for your help in this important research.
Sincerely,

Jessica Tegt
Assistant Extension Professor
Dept. of Wildlife, Fisheries & Aquaculture
Mississippi State University

Leslie Burger
Extension Associate
Dept. of Wildlife, Fisheries & Aquaculture
Mississippi State University

I have read the above letter, and I understand the request to include my child, ______________________________ ,
(child’s printed name) in this program. I understand that my child’s participation is voluntary and he/she will not be
named or identified in the study. I also understand that my child has the right to stop participation in the study at any
time. A copy of their signed assent form will be provided to you, upon your request.
_____________________________________________
Adult’s Printed Name
___________________________
Date

_________________________________________
Adult’s Signature
What is your relationship to the child named above?
(CHECK ONE) ____parent
_____legal guardian

____________________________________________Teacher’s Name (printed)
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Youth
ENVIRONMENTAL
Science

I have read the Teacher Information document submitted by YES!
program administrators from Mississippi State University and have discussed any questions I may
have had. I understand the methods by which they propose to study my classroom this year, and I
understand that they will ensure the confidentiality of all participants including myself and my
students. I further understand that this research will not interfere with the normal activities of my
classroom, and that all decisions about the classroom, the lessons, and the students’ welfare will
always be mine. I agree to participate in this study and complete the survey instruments
accordingly.
I understand that I am voluntarily participating in this research and may withdraw participation at
any time. I have been informed that this program will last 2-5 days and poses no anticipated risk
to me or my students. I understand that if I have questions about the research I may call Jessica
Tegt at Mississippi State University, and if I have questions regarding my participation in
research, I may call the Office of Regulatory Compliance and Safety at Mississippi State
University (662) 325-3294.

Participant’s Name (please print):____________________________________________
Participant’s Signature:______________________________________ Date: _________
Researcher’s Signature:______________________________________ Date: ________
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4th Grade Science
Name:________________________________

Date ____________

Teacher:___________________________________
This worksheet will help us learn where we need to work hard to provide extra
instruction. Just do your best and don’t worry. Your score is not part of your
science grade. No one will see it except Dr. Jessica Tegt and Mrs. Leslie Burger.
Just try to do your best.

Read each question and circle the correct answer.
1.

Birds sometimes fluff their feathers, which traps a layer of air next to their
bodies. How does fluffing its feathers help a bird control its temperature?
a. It keeps the bird warm because air is a good insulator.
b. There is less space in the nest so the bird traps in heat.
c. This increase in size of the bird will create areas for airflow.
d. The movement of the bird will keep it warm from body heat.

2.

Students used a thermometer to measure the temperature of a liquid. Which
units would the students use to record the temperature?
a. Degrees Celsius
b. Centimeter
c. Milliliters
d. Grams

112

3. Steller’s sea cow is an extinct species that was found in Arctic waters in the
1700s. The sea cow skins were used to make boats. The sea cow’s fat was used to
burn in oil lamps and for food. What is the most likely reason that Steller’s sea
cow is extinct?
a.

Its food ran out.

b.

It was over-hunted.

c.

It became too warm.

d. Its habitat was destroyed
4. The drawing shows a model of the surface of Earth.

The erosion that occurred is most likely caused by the movement of:
a. water
b. rocks
c. animals
d.

glaciers
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5. A food web is shown. In this food web, which organism is a predator?
a. Mouse
b. Grass
c. Rabbit
d.

Fox

6. Giraffes have long, slim necks. This adaptation helps the animals survive
because the giraffes can:
a. run faster.
b. lead the herd.
c. reach more food.
d. drink more water.
7. Some eagles eat fish that contain chemicals from polluted water. Some chemicals
cause eagle eggs to have thin shells that break easily. Which will most likely
happen to eagles that live near water pollution?
a. They will move to an area that has more dry land.
b. They will eat other foods instead of fish.
c. More birds will migrate south.
d. Fewer young will survive.
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8. Polar bears are found where it is very cold. The thick fur of a polar bear most
likely helps it survive by:
a. keeping it warm.
b. helping it find food.
c. taking in extra oxygen.
d. protecting it from predators.
9. Different pieces of the earth’s crust that float on magma are called:
a. plates
b. faults
c. tsunamis
d. earthquakes
10. Plants use energy from the sun to produce sugar through
a. germination.
b. photosynthesis.
c. pollination.
d.

respiration.

11. Students compared the properties of pine cones. Which tool would best help the
students measure the mass of the pine cones? Circle the correct letter.
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12. The graph shows the distance that four different trains traveled. If each train
traveled for four hours, which train
traveled at the fastest speed?
a. Train W
b. Train X
c.

Train Y

d. Train Z

13. The owl butterfly has patterns on its wings that look like large eyes. How does this
help the butterfly survive?
a. It helps the butterfly fly faster.
b. It helps the butterfly see better.
c. It helps the butterfly scare enemies.
d. It helps the butterfly absorb sunlight.

14. A geologist wrote many books on how rivers affect land. The geologist described
detailed observations made over a long time. Why do scientists record details about
scientific observations?
a. to prove that scientists work hard
b. to make science books more interesting
c. to make people want to read about science
d. to provide evidence that supports conclusions
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15. Which is the BEST way for someone to find out about an unfamiliar tree?
a. Find out what kinds of birds build their nest in it.
b. Compare the bark and leaves with pictures in a book about trees.
c. See how many trees are like it in the area.
d. Find out how well it grows in different kinds of soil.
16. Which of the following CANNOT be recycled after it is used?
a. Newspaper
b. Gasoline
c. Glass bottle
d. Aluminum can
17. There are four layers of the earth. They include the crust, the mantel, outer core
and:
a. surface
b. ocean
c. inner core
d. continents
18. Rock, such as limestone and sandstone, is made when layer upon layer of sand
and debris settle down together. Which kind of rock is it?
a. Igneous
b. Sedimentary
c. Metamorphic
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5th Grade Science
Name:_____________________________________

Date ______________

Teacher:___________________________________
This worksheet will help us learn where we need to work hard to provide extra
instruction. Just do your best and don’t worry. Your score is not part of your
science grade. No one will see it except Dr. Jessica Tegt and Mrs. Leslie Burger.
Just try to do your best.
********************************************************************
1. Jaylan found a rock that contains fossils of ancient ferns. Which type of rock
did Jaylan find?
A. Igneous
B. Magma
C. Metamorphic
D. Sedimentary
2. What is the temperature shown on the thermometer?
A. -10°C
B. - 5°C
C. 0°C
D. 10°
3. The owl butterfly has patterns on its wings that look like
large eyes. How does this help the butterfly survive?
A. It helps the butterfly fly faster.
B. It helps the butterfly see better.
C. It helps the butterfly scare enemies.
D. It helps the butterfly absorb sunlight.
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4. A geologist wrote many books on how rivers affect land. The geologist described
detailed observations made over a long time.
Why do scientists record details about scientific observations?
A. to prove that scientists work hard
B. to make science books more interesting
C. to make people want to read about science
D. to provide evidence that supports conclusions
5. It rained early in the morning. A student sees a puddle of water on the sidewalk
when she travels to school. The water in the puddle is gone when she travels
home. What happened to the water in the puddle?
A. It froze.
B. It melted.
C. It condensed.
D. It evaporated.
6. Measurements from a barometer help predict changes in weather.
What does a barometer measure?
A. humidity
B. air pressure
C. wind speed
D. temperature
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7. As a city’s population grows, wooded areas are replaced by more houses. What
effect will this most likely have on the species in the wooded areas?
A. More natural predators will move to the wooded areas.
B. New species will migrate to the wooded areas.
C. A few species will adapt to become predators.
D. The population of some species will become zero.
8. Which statement best describes photosynthesis?
A. Process of using sunlight to make food from carbon dioxide and water
B. Process of breaking down materials by wind, water, or temperature change
C. Process of changing from an immature form to an adult form
D. Process of forming clouds through evaporation and condensation
9. Which human activity would most threaten the survival of a species that lives in
a river?
A. Planting native trees near the river
B. Collecting water samples from the river
C. Using pesticides on farmland near the river
D. Measuring the water temperature of the river
10. The drawing shows forces causing a fault in the Earth’s surface. Which may
result as movement occurs along this fault?
A. fossil formation
B. hot spring
C. volcano
D. Earthquake
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11. The picture shows the fossilized skull of an extinct animal. What did this animal
most likely eat?
A. grasses
B. insects
C. other animals
D. dead material
12. A food chain is shown in the diagram below.

What would happen if the snakes were removed from this food chain?
A. The toad population would decrease.
B. There would be less grass for the insects to eat.
C. The insect population would increase.
D. The toad population would increase.
13. Which of the following processes is responsible for changing liquid water into
water vapor?
A. photosynthesis
B. condensation
C. evaporation
D. Precipitation
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14. The diagram below shows a food chain

Which statement describes the role of the hawk in this food chain?
A. It is a carnivore, because it consumes the snake.
B. It is a producer, because it uses the sun for energy.
C. It is an herbivore, because it eats the grass for energy.
D. It is an omnivore, because it consumes the grasshopper and the grass.
15. Which factor most likely prevents a deer population from growing too large in a
forest ecosystem?
A. the age of the trees
B. the amount of oxygen
C. the amount of sunlight
D. the number of predators
16. Students are collecting data for the number of days it has rained in the past
month. The number of rainy days would be an example of
A. season.
B. climate.
C. weather.
D. temperature.
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17. A diagram of the water cycle is shown. Which arrow on the diagram represents
evaporation?
A. 1
B. 2
C. 3
D. 4

18. A scientist uses an instrument to observe the pattern of molecules in a substance.
The picture below shows what the scientist sees.

What state of matter is the scientist most likely observing?
A. gas
B. liquid
C. vapor
D. solid
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For this activity, you are to put an X in the box that best represents how you feel about
each of the statements. For example, I like chocolate ice cream. This is how I would
respond to the statement below:
Strongly
Agree
Chocolate ice cream is one of my
favorite flavors.

Agree Not Sure Disagree

Strongly
Disagree

X

Please read the following statements about the environment and put an X in the box that
best represents how you feel. Remember, there are no right or wrong answers.
Strongly
Agree
1. Plants and animals have as much
right as people to live.
2. There are too many (or almost too
many) people on earth.
3. People are smart enough to keep
from destroying the earth.
4. People must still obey the laws of
nature.
5. When people mess with nature it has
bad results.
6. Nature is strong enough to handle
the bad effects of people and
pollution.
7. People are supposed to rule over the
rest of nature.
8. People are treating nature badly
9. People will someday know enough
about how nature works to be able to
control it.
10. If things don’t change, we will have
a big disaster in the environment
soon.
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Agree

Not Sure Disagree

Strongly
Disagree

